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SECTION 1

INTRODUCTION

This document is the final report for Contract
Number N00014-81-C-2041, which covered work performed for
Code 4707 of the Naval Research Laboratory (NRL) by the
Plasma Physics Division of Science Applications, Inc. (SAI)
during the period 24 November 1980 to 24 September 1982.

The material covered in this report consists of
three general areas in which plasma physics plays a signifi-
cant role in the modeling of radiation sources for the
advanced simulation research program sponsored by the
Defense Nuclear Agency (DNA). The first is the description
of a basic model for the implosion of a system of identical
wires driven by a pulsed-power generator. The second is a
model for computing the linear ideal MHD instability growth
rates for azimuthally-symmetric, cylindrical Z-pinch equili-
bria. This analysis includes both kink and sausage-type
perturbations of the equilibrium. The third area concerns

the properties of magnetically-insulated power feeds for

driving imploding Z-pinch loads.
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SECTION 2
THE "WIRES'" CODE -- A SIMPLE MODEL FOR IMPLOSIONS

It has been known for several years that imploding
wire arrays during run-in obey the so-called "F-ma" dyvnamics
to remarkable accuracy.1 Recent data has suggested that for
truly massive arrays (X 500 ug) the F = ma scaling finally
breaks down, with arrays apparently going unstable prior
to achieving a significant inward acceleration. For arrays
of < 300 ug, however, the F = ma formalism appears good,
and predicts the assembly time to within a few nanoseconds.2
Given that the dynamics of the wire centers has been under-
stood at this level, it appears reasonable to attempt a
generalization of the F = ma model to include a radiation
algorithm and a prescription for tracking the internal
energy of the wires.

One strong motivation for pursuing this type of
model for fhe early-time behavior of wire arrays is to
establish the correct initial conditions for one-dimen-
sional, radiation-coupled hydro codes, such as WHYRAD and
SPLATT, which currently assume that the individual wires
instantly expand into a plasma annulus with a temperature of
1-10 eV prior to implosion. By calculating the intial

conditions from the generalized F = ma model described

here, these codes will be able to provide scaling with

was’s

PRy



number of wires varied and total array mass fixed, which
currently is not possible to compute. Also, the results

of many runs of WHYRAD and SPLATT indicate that during

this early implosion period, the radiation is basically a
black-body spectrum, and the plasma remains relatively
cool, indicating that the detailed radiation and chemistry
package of these sophisticated codes is not needed for the
run-in phase of the implosion. By using the simple model de-
scribed here, the early-time behavior of the array can be
obtained in a small fraction of the computer time required
in WHYRAD, thereby allowing the detailed models to be
utilized where they are most necessary, during the assembly
and compression of the plasma annulus on axis.

Figure 2-1 shows a schematic representation of the
wire array at time t. The individual wires have radius,
a(t), the wire array has radius, r(t), and the entire
system of N wires is enclosed by a cylinder of radius, b,
which carries the return current. Thé external circuit is

shown in Figure 2-2, and consists of an external voltage

generator, proviaing a voltage waveform, V(t), with a
generator impedance Z . This generator section could be %*
. replaced by a transmission line of impedance, Z, and length,
) t, which is initially fully charged. The generator drives -]

E a time-dependent load described by the diode-housing induc-

tance, LD’ and the time-varying plasma resistance and

inductance, Rp(t) and Lp(t) respectively.
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The plasma circuit parameters are assumed to be :
correctly given by the Russel formula for inductance and
e the Spitzer resistivity,
N
. R 28 b’
S I (;ar—\‘f) nH
L . . .
for lengths in centimeters, where ¢ is the array length,
and
) R = n2,7
P Nma“
where
@
. 3800 Aeff on A o-cm
n 372
YE
e is the Spitzer resistivity for electron temperature, T in
Kelvins, gn A being the Coulomb logarithm and Yg 8 factor of
order unity which depends only on the effective ionization
@ state, Zeff‘ For an element of atomic number, Z, the
effective ionization state is approximately,
e - = 26 Tkev
“eff 2 ’
1+ (2?")' T
< kev
4
4
=




with Tkev = electron temperature in keV'. The time derivative

of the inductance also acts as a resistance, given by

P
L, = -20 55

o hal

The current, Ip’ flowing in the array then satisfies a

differential equation,

V(t)-(Z_+R_+L )1
dl, V(ORI
It T

D+Lp

and the current flowing in each wire is Ip(t)/N.

The motion of the array is given by the J x B force
for each wire. If each wire has mass/length = u, the

radius of the array is given by

2 . IZ(t)
d°r _ _ N-1 1
S = , —2_7_ = ,
dt N pc

which is integrated numerically as two first-order equations
together with the circuit equation, using a Runge-Kutta
integrator.

The radiated power is modeled as a black-body with

emissivity given by

< <

> .0
e =¢ f + ¢ f ,
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] where ¢ (e<) is the emissivity for photons greater (less)
than a specified cut-off energy, E,, and £ (f°) is the
° fraction of the blackbody output which is emitted above
(below) E,. Clearly, £> + £5 = 1. The total radiated energy,
Wi.ag® 1S then given by
° . .
] d‘“rad - 4
Y L
) and the yield, w;ad’ above E, is given by
e
) >
dw
- I ,
° where o is the Stefan-Boltzmann constant and As = 2malN 1is
the total surface area of the array.
To complete the description of the model, a prescrip-
tion for determining the plasma temperature, T, and the
[
wire radius, a, is required. If each wire is assumed to be
a Bennett equilibruim, the Bennett pinch condition,
a BZ
i n(l + Zeff) KBT ,
provides a relationship between temperature and current,
3 ;
. 1 M 1
: (1 + Ze60)T = 750 & ;\}2)‘ Kg ’
;
S
.'o
r 2
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Py where M is the atomic mass and i\'B is Beltzmanrn's constant. —."
e

The wire radius, a, may be obtained from the energy balance :}i

2T

between Ohmic dissipation and radiation, o)

R

® ol
IZR = ecT4A , J

Pp. s :

or éj
. 11/3 -

® n12 (107) Rt
2= | = -

21"N"eoT i)

» The model described above can be integrated until

the wires just touch, a2 = r sin(z/N), at which point the
syvstem of individual wires coalesces into a plasma annulus,
e which rapidly assembles on axis converting the kinetic
energy of implosion to temperature, radiation and out-
going kinetic energy.
Py For simple scaling law studies, the following very
crude model has been implemented to model the assembly.

The plasma annulus is converted to a cvlinder of radius,

o r,, as shown in Figure 2-3, with

r, = a(l + f——l-——>
sin(n/XN)

$ )




i J

where a is the wire radius when the wires just

The plasma temperature is adiusted so that the

is entirely absorbed into temperature,
1 2,
7 = = MV

The system is then allowed to radiate and cool

of five MHD growth times, calculated as Alfven

T = 5(T,/V,),

(B?'/t‘.—.rc);i is the Alfven speed, B is

where VA

field at r r due to the current Ip and p 1is

0

density, »

touch.

Kinetic energy

for a period

transit times,

the magnetic

the mass

Nu/ﬁrg. During the cooling period, assuming

blackbody radiation, the code separately integrates for

the total yield and the yield above E,.

A test case has been run for an Aluminum (Z=13,

A=27) array driven at constant voltage, V(t)=V0

the following parameters:

N = Number of Wires = 6

Nuf Array Mass = 100 ug

£ = Array length = 3 cm

r(o) = Initial Array Radius = 2.2 cm
b = Return-Current Radius = 3 cm
Vo = Open-Circuit Voltage = 3 MV
Z, = Generator Impedance = 0.7 Q

, with

@
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LD = Diode-Housing Inductance = 10 nH
e = Emissivity for hv>lkev = 5 x 1070
e = Emissivity for hv<lkev = 5 x 10-4

The characteristics of the implosion are summarized in
Figures 2-4 thru 2-7. As seen in Figure 2-4, the implo-
sion of this array requires approximately 69 ns. At the
time the wires touch, as in Figure 2-3, the wires have

8 cm/sec. The individ-

achieved an inward speed of 1.3 x 10
ual wire radius, a, varies over a factor of two during

most of the implosion. At very early times, this radius

is artifically large due to the assumptions of constant
emissivities and the prescription of choosing "a" as the
radius where Ohmic heating is balanced by radiative cooling.
Experiments at Maxwell2 have displayed an initial pinching
of the individual wires followed by an expansion of the
wires, which is at least qualitatively as shown in these
calculations.

Figure 2-5 shows the temperature and average
ionization state vs. time for this implosion. The tempera-
ture, which is tied to the current by the Bennett pinch
condition, peaks at approximately 655 eV at peak current,
and subsequently drops to 249 eV by the end of the run-in.
The ionization state, Zeff’ is between 9 and 11 during

most of the implosion.
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The circult equation may be cenverted to a power
equation by multiplving both sides by the total current,

I , to obtain
p
I

IV = d‘df [% (Lp*L )1 L ,

t o=

R
- (< *R_JIZ ~+
] ( o p P

‘T o
©

where IpY 1s the input power from the external generator,
which must equal the rate at which energy is stored in the
mggnetic field, Chmic power :osses, and the rate at which
energy 1s stored as kinetic energy of the array (the i
term). Figure 2-6 illustrates how these various components
of the power equation vary in time. The rate at which
energy 1s stored in the magnetic field is not plotted, but
is just the difference between the Volp curve and the sum
of the other two curves. At the end of the run-in, the
wires are acquiring kinetic energy at a rate which exceeds

V"I , and in fact the implosion is tapping stored field

o' p
energy ijust prior tc assemblv on axis.

-

Figure 2-7 shows the evolution of the various energy
channels during the implosien. During run-in, when the
temperature is low, internal energy and radiation are rela-
tively small compared with field energy and kinetic energy.
Again, at the end of the run-in, the field energy decreases

rapidly as the kinetic energ) increases.
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(] After the wires touch, at t = 69 ns, the code
instantly converts the annulus to a cvlinder and "shock ~h;
heats'" it by converting all the kinetic energy to internal i;g
) energy. This prescription in the test case vields a cylinder ﬁji
of 0.7 cm diameter with an ion density of 2 x 1020 cm'3 at a
temperature of 11.4 keV. The cylinder cools rapidly by .?E
-

® radiative power.loss, and after five Alfven transit times

'3

]
g
a'a'a

(or 5.1 ns) its temperature has dropped to 113 eV. In this
problem, the total energy radiated at all frequencies 1is
'S 34.2 kJ and the energy above 1 keV is 6.7 kJ, assuming a

blackbody spectrum. During the run-in, the individual

{
D s S
. N A
B NORRAICION

e e
PR
L Pd
IR o ' %

A

wires radiated 28.2 kJ at all frequencies, but only 1.7 kJ
® above 1 keV. The radiation above 1 keV, therefore, occurs

after collapse in this model, but a significant fraction

of the total yield can occur during the run-in. The model
e assumes, of course, that the individual wires remain stable

and do not develop '"hot spots' during the collapse. If hot

spots develop; they may cause a larger fraction of the yield

above 1 keV to occur during the run-in than is calculated

e

here.

Treating the test case described above as a base

. case, a parameter study has been made to test the sensi-
1

tivity of the radiation yield to variations of several of the

input parameters. The results of this study are shown in
-
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Table 2-1 and in Figures 2-8 thru 2-13. Multiple para-

meter variations from the base case have not been attempted,
but rather only a single parameter has been altered for each
of these runs. In each case the total radiation yield, WT’
and the yield W>, for hv>1 keV, is presented. These are
calculated as described above, using a blackbody spectrum
with different emissivities above and below 1 keV, and

including the radiation from a collapsed, ''shock-heated"

plasma cylinder as it cools during five Alfven transit times.

Figure 2-8 shows the variation with N, keeping the
total array mass fixed at 100 pg. As the number of wires
increases, the time for impact is shortened, thereby reduc-
ing the total yield by more than two-fold. The yield above
1 keV, however, becomes very insensitive to. the number
of wires for N>12.

Figure 2-9 shows the effect of varying the total
array mass, with the number of wires fixed at N=6. Here,
the heavier arrays are worse as expecfed in this model.
Increasing the initial array radius, r(o), as shown in
Figure 2-10, improves the yield. The larger arrayvs (at
100 ug) take longer to collapse, acquiring more kinetic
energy. Also, since the current return has been fixed at
b = 3 cm, the initial inductance, Lp’ for the larg-r arrays

is smaller, thereby slightly reducing the current risetime.
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Figures 2-11 thru 2-13 show the effect of variations i

of the external circuit parameters. Increasing the open- Si
circuit voltage, Figure 2-11, or reducing the generator i&
impedance, Figure 2-12, both strongly improve the yield. Li
While this trend suggests that the vield may simply depend ':
monotonically on the power, Vé/:o, independent of whether ES
Vo or :0 is the quantity varied, a detailed look at Table 2

2-1 shows that this proposition is not correct. The vield
for :o = 1.5 0 and VO = 3MV (Vé/:o = 6 TW) 1s significantly
lower than the yield for Z_ = 0.7 Q and V_ = 2w (Vi/z_ =
5.7 TW).

Figure 2-13 shows that the yield is insensitive to
‘the diode-housing inductance in the range 10 nH to 20 nH.
This insensitivity is probably due to the plasma inductance,
which varies from nominally 5 nH to 30 nH during the implosion.

This model has been utili:-ed to provide initial con-
ditions for the SQUEEZE code, which computes the collapse of
a plasma annulus. The WIRES model, described above, is run
until the individual wires just touch. A bridge subroutine
is then employed to convert the wire array to an imploding
plasma annulus. The wire array, consisting of N wires of

radius, 2, on a circle of radius, Vo is converted to an

: annulus with outer radius, oo and inner radius, Tis given byv.
.
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The SQUEEZE code then continues the calculation, using a

more sophisticated radiation and hydrodynamics model.
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SECTION 5 1

LINEAR, IDEAL MHD STABILITY ANALYSIS }1

Experiments on imploding wire arrays, gas puffs and ]

foils have displayed hot spots, beads, plasma jets and kinks, @]

all of which are believed to be manifestations of MHD in- ;5
stabilities. These phenomena couple strongly to the plasma

dynamics and may actually determine the strength of the pinch

and the time duration of the assembled plasma. The densities

and high temperatures of the hot spots or beads may provide

the conditions needed for generating most of the radiation above
1 keV.

The usual simple test for the importance of MHD
instabilities in a plasma system is whether the time required
for an Alfven wave to cross the system is short compared with
the confinement time of the system. The Alfven speed is given

by

v, = (BZ/4n0)1/2

where B is the magnetic field and p is the mass density. To
make this argument specific, assume that a wire array with a
mass of 100 ug has collapsed to a plasma cylinder of 0.1 cm
radius and 3 cm length, and is carrying a current of 2 MA.

For these parameters, which are typical of experimental con-

L . . -3 .
ditions, the mass density is ¢ = 10 g/cm3 and the magnetic

30
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° field at the edge of the cylinder is B = 3 MG, which vields

| Vi T 3.6 x 107 cm/sec and the Alfven transit time across the
plasma radius is 2.8 ns, which is only about 10% of the

l observed radiation pulsewidth and the observed plasma

% confinement time. MHD instabilities are therefore expected

E to be important in this system.

. During the implosion,currents penetrate into the

4 plasma wires and/or annulus, and the MHD growth rate will

be sensitive to the actual current digtribution in the
plasma. The radiation-coupled hydro codes, WHYRAD and
SPLATT, model the field penetration and can provide an

3 "equilibrium" configuration for the assembled plasma. During
, the run-in phase of- the implosion, inertial terms in the
zero-order equations will be important. A formulation for
the MHD instability growth rate for cvlindrical MHD equilibria
is described in this section for an arbitrary equilibrium
current distribution which is consistent with equlibrium
pressure balance. Several referéncesl's discuss this type

of model.

Yy WV v v ¥ F O

3

The linearized equations for ideal MHD may be written »
in terms of density p, velocity v, pressure p, current o

density J, and magnetic field B as

>
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e® 55 =upl + 3% x Bt o« gl x B
t — — —_— —_
4
v = 20
' "xB=g Y
1
9B
1 = _ ... 1 -0
T 5t ¥V X (\_ )\g )
L _Lj
1 o
ap=
;£ = xbw® -ty 4
]
N
o where superscripts "o" and "1" denote zero-order and first- @
oA
order quantities, respectively, and T is the ratio of specific ﬂf&
heats. )
D
e These equations may be expressed as a second-order ';
equation for the displacement vector, §£(x,t), defined as tfl
Elx,t) = fot vhix,t7) de” , ~a

to obtain

»
’

o
(s8]
N
™y
L]
/

©
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= F {g}

¥ ]
Q
[ad
N
AL R R
DOV INSRVIIRN . A

1
S
.AA' PPy l_‘L"&‘l"‘A ..

.
e

v(g-7p°+rp°ueg) + 4—17; (vxB°) x [vx(£xE°)]

7

'®
e

¢ 7= (Vx[vx(£x8%)]) x B°
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o This formula is the starting place for all linear, ideal o
MHD stability analyses. S
For a circular cylinder equilibrium, the coefficients ‘
N
°® in the linearized MHD equations are independent of 6 and :. .j
1
Each Fourier harmonic of the perturbation will therefore j
S
evolve independently, and the perturbation mayv be expressed J
) as @
E(i’t) - é(r)el(kz+m6—wt)
) In this case it has been shownl that the problem reduces to
a single, homogeneous, second-order equation of the eigen-
functions associated with the radial displacement, ’:r This
® equation is given by
(e ) + q¢,. =0 ,
P where prime indicates differentiation with respect to the
radial coordinate. The coefficients, o and q, are given by
a4 = TAC
A2
Lo A -
. [det/\ . ( 11)]
» ACA 2 12
o
@

.

e e s e L
AL . Y A,



where 2 is a 2 x 2 matrix cof the form,

M Mo
A =
1 70~ AC .
FAC(F Pa) * Ay + T 1

For equilibria with no flow and without an axial magnetic

field, i.e. B = B these quantities may be expressed in

e’

terms of the Alfven speed, Voo and the sound speed, Coo

where

2
vy© = BgT/4me

c = Tp/p
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and p, denotes the total equilibrium pressure, which sati

The functions A,C,All,xl, and T71 are therefore algebraic

N 2
functions of the eigenvalue parameter, w-, and the equilibrium

fields.

The matrix, A, contains the second derivative of p,,
and the coefficient, q, requires the derivative of \11/k12'
These non-algebraic features can be troublesome, particularly
when the equilibrium data are obtained numerically. The
numerical computation of these derivatives is expected to
require some smoothing of the equilibrium data.

The boundary conditions on gr are that it vanish ét
the outer boundary, assumed to be a conducting wall, while
regularity at the origin may be used to determine its behavior
at r = 0 from an indicial equation. Writing £, = r* Z?=Oajrj’
the solution near the origin satisfies u2=1 for m=0 and
(u+1)2 = m? for m#0.

With this formulation, the problem is completely posed
in terms of functions of the equilibrium fields. In ideal
MHD, the eigenvalue is w% implying solutions that are either
purely oscillatory or purely growing, a feature which follows
from the self-adjoint nature of the perturbed fluid equations.

More generally, eg. for equilibria with flow, the self-adjoint

property is lost, and the eigenvalues will be complex.
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The cylindrical MHD stability problem, as formulated

o)

above, may be solved numerically by a "shooting code". In

e I o~ Dk g

this technique one selects the equilibrium and sets ¢

=

near

the origin to satisfy the indicial equation for a trial value
2

of w™. By solving repeatedly for gr(r) for different wz,
a value is found for which gr(wall) = 0, the outer boundary

condition. This technique is a widely used approach.

problem can be solved exactly and anélytically. The eigen-

value 1s given by
5

v, ©
A 2
_a') [_Blka +m 82] s

2
w- o=

where Va is the Alfven speed at the edge of the plasma (r=a)
and a perfectly conducting wall is assumed at r=b. The co-

efficients, 8, and B,, are given by

1

1° (ka)

1 Imfihj

fon)
\

K (ka)I”(kb) - K”(kb)I_(ka)
8, = B K (KB)T (Ka) - K (Ka)I (Kb) ’

where Im and Km are modified Bessel functions.

In the limit of surface currents, the linear stability

' ." -" I
il

E

, -" 1'. .
e e

v
L.,

RN J I
A A Ak R A

.4

i
F v

. v.-'vl-fn',h
L"
LSV 'y s

»
i

PO T I I

'-'- gl’::;l'." e

| SO
Py Sy

A
A

.




D N N T T N T S R N T A TR T F T T T T T T W IR T TR TLR TR NI R R

" .
PN

| 8

(RO

La's

° e J
| The ideal MHD linear growth rate is plotted against e

o . . .
° Kka tor various a:zimuthal mode numbers, m, and various b a _."

values in Figure 3-1. The results appear quite insensitive

to b/a for b/a » 5. As b/a nears unityv, however, the in-

stabilities with m>0 are stabilized by wall stabilization. 5
On the figure, an instability is indicated by a negative

. . 2 . )
elgenvalue, i.e. w”™ < 0. The m=0 sausage mode is alwavs 7

unstable. The modes for m>0 become unstable as ka increases. -
The m=1 kink mode, on Figure 1, becomes stable as ka nears
zero. For kasl, however, there is a k-band where the m=1 7
mode has a larger growth rate than the m=0 mode. The =
linear theory predicts that all the modes will become un-
stable for ka>>1. At very short wavelengths, however, the "~
instability is destroyed by small-scale turbulence and mix- f:

ing of the plasma. In practice, the largest growth rates are

expected for ka ~ 1.

A more recent approach to the numerical solution o

« of these problems has been developed at the University of ;
Texas at AustinJ, and consists of a finite element technique. &
The equilibrium tields are developed in a representation e

m [

by B-splines, which form the basis functions for the {finite-
element solution. The differential equation for iy is then T
represented in difference form, for - described as spline »
o. . . : 9
coefficients. The splines are selected to zutomatically

satisfy the boundary conditions on .. The eigenvalue problem >

is then solved directly, by constructing the characteristic

o]

determinant and evazluating i This technique

t
m
(]
C
-+
$




The code, EGVPRB, which does this problem is a

general eigenvalue solver. It can solve anv eigenvalue

equation of the form

A(r, )27+ B(r,x\)s" + C (r,2)&(r) =0

where £(r) is the eigenfunction, * is the eigenvalue and

prime (°) denotes differentiation with respect to r. The

Every function of r is represented by its spline fit,

A(r,2) = Zya, (Mg (1)
B(r.2) = Z;b;(M)y,;(r)
C(r,A) = I;c; (W) (r)
g(r) = Iyvyv; (1)

The differential eigenvalue equation is then

3

Tijfivivivy T FigPivivavy t Fiycivivivy = O
wultiplying by v, for each & value, and averaging

over r (denoted by <>), leads to a matrix equation,

K

zj[“:lal<wgwle > 4+ Zibl<w2wle> + 21C1<wa1wJ>] YJ = O)

v e w v v wow W vy
LM M A 5 AL TR NN

or

Y

o, O v,

ML N

RN

......

codes uses B-spline5 basis functions, which we denote wi(r).

------------
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..............

or

This equation has a solution for Y, provided

5
which is solved for the eigenvalue, » = «“, using a

root-finder.
The code can also be used in a mode which displays
the behavior of A(r,A»), B(r,x), and C(r,A) vs. r as ) 1is

varied, and which shows det MY vs. A. The code is described

in some detail in Appendix B. A simple test calulation is
described here to illustrate the use of the code. An equi-

librium consisting of a uniform density plasma cylinder

1018 -3

(n = cm 7), of radius, rp = 1 cm, is assumed to carry

a uniformly-distributed current, I = 3MA. The magnetic
field then rises linearly within the cylinder, achieving

a peak value, Be(rp) = 60T (or 600 KG), at the plasma edge.
The plasma is imagined to have a uniform temperature, T =

8

,
1KeV, implying a pressure, p = nKBT = 1.6 x 100 nt/m".

For a kink mode with m = 1 and Krb = 3, Figure 3-2

.............................
................................

.....................
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----------
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displays the

eigenvalues,

the plot

Alfven speed

SO

value of the determinant for various trial

where the eigenvalues have been normali:zed
2

that 0.194 < (wry/Vy)~™ £ 0. Here V, is the

at the plasma edge. The horizontal line is

on

det |[M| = 0, and the intersection of the two lines is the

root. Figure 3-3 through 3-5 shows the behavior of A(w; r),

B(w) 1), Clw?

5

5

r) as w- is varied, in ten equal steps, over

the range - 0.194 ¢ (wrb/VA)2 € - 0.155, which includes the

root, or to "manually' locate the root.

Having found an approximate root, the root finder

in EFVPRB can be utilized to refine the calculation. In

. . . 82
this case, the root finder obtained a root at (wrb/VA)

-0.183, in good agreement with Figure 3-2.
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SECTION 1
MAGNETIC INSULATION
A central issue in the scaling of pulsed-power driv-
ers to higher power is whether the vacuum power feed to the

diode can withstand the higher electrical stress without

-

. . . . . . 1-5
loss of magnetic insulation. Magnetic insulation refers

to the ability of an applied magnetic field to turn emitted
electrons back onto the emitting surface, thereby preventing
electrical breakdown. This concept is now widely-used in

the design of high -power vacuum sections of pulsed-power
generators, vacuum transmission lines and ion diodes.6 The
required magnetic field can be applied by external coils,

or it can be the self-field due to the current flowing across
the anode-cathode gap at the center of the diode.

Maxwell Laboratories, Inc. has conducted a series of
tests to study the scaling of the loss current with gap width
and electric and magnetic field strength. The apparatus used
in the experiments is shown schematically on Figure 4-1. It
consists of a disc feed with a variable gap and a 5 nH short-
circuit post with a radius of 5 cm. The anode surface is
instrumented with a series of Faraday cup collectors, shown
schematically on Figure 4-2, located on a radial spoke at
various radii. The apertures of the Faraday cups are covered
with .003 inch thick aluminum foil to shield the collector

from stray plasma, thereby reducing the noise level.
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o The experiment consists of driving current radially o

into one Jis¢c feed across the short-circuit post, with

return current flowing out on the second disc feed. An

e inductive voltage, LdI/dt, develops across the gap. The
current flowing in the post sets up an azimuthal magnetic
field which provides magnetic insulation. The object of -
® the experiment is to measure the electron loss current, ie. ;:._'
the current carried by free electrons which cross the ;J
magnetically-insulated gap. The Faraday cups provide a \
.., measure of this loss. 41
The four Faraday cups used in the experiment are 1
located at the following locations Z;i
FC#1 64cm 7]
FC#2 52cm nj
FC#3 38cm '
FC#4 25cm =

each having a collecting area of 1.8 cmz. The baffle
holding the foil, shown on Figure 4-2, limits the incident

angle for a trajectory to reach the collector. Ignoring

scattering in the foil, only particles with incident angle,

O v
A NN

8, relative to the normal to the foil of less than approxi-

mately 75° will reach the collector.
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o Data has been recorded for twenty-one different

o
L0

configurations, characterized by various gap widths and

A I‘-
PR W)

driving currents. In this report an analvsis of one of

® these configurations is presented. The analvsis has been
carried out with the MASK code, a two-dimensional, fully-
relativistic, electromagnetic, particle-in-cell (PIC) plasma

o simulation code developed by A. Drobot of SAI, in collaboration
with NRL, MIT and Lawrence Livermore National Laboratory._

The data for this shot, Shot Number 1105, was

® graciously supplied by John Shannon of Maxwell Laboratories,
and is summarized in Table 4-1. The time history data for
this shot is shown on Figures 4-3 through 4-5. The drive
® current, I(t), is shown on Figure 4-3. Figure 4-4 is dI/dt,
while Figure 4-5 shows current, voltage and power.
Figure 4-6 shows the Faraday cup and PIN diode
P waveforms for this shot. The PIN diodes, located adjacent
! to the Faraday cups, provide local x-ray data, from which
information about the energy spectrum of the loss electrons
Py can be inferred. In this.case, the PIN diodes indicated
the presence of electrons with energy in excess of 100 kev,
but the fraction of electrons above this energy is not known
from this diagnostic.
The voltage waveforms for the Faraday cups are the

voltage developed by the Faraday cup current as it passes

W S P eeEvT W

through a 50 @ termination, with a ten-fold attenuator.

§
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The voltage, Vsc’ indicated on the scope can be translated

to Faraday cup current, Ifc’ by

10Ysc(v01ts)

Ifc(amps) = oon

The configuration shown in Figure 4-1, using a
5 c¢m gap, has been set-up with the MASK code, and gridded
on a 64x16 r-z mesh. The experimental current waveform,
Figure 4-3, is used to drive the simulation. The firs£ test
of the numerical model is a "cold test'", which refers to
a run in which no free electrons are allowed to be emitted.
This type of run teststhe circuit model. Without current
smoothing, the calculated induced voltage shows alot of
hash. By smoothing the current waveform in Figure 4-3 to
relax sudden changes in the current, the calculated voltage
is found to be in excellent agreement with the experimental
waveform.

The cold test run also provides a wealth.of
information about the field structure in the device without
particles. Some of this data is shown on Figures 4-7
through 4-10, and may be used in conjunction with later
figures to examine the effect of including the emitted

electrons. On these figures, the coordinates are numbered

as X, = Z, X2= T, XS = f§, so that E1 = E_, E2 = E_ and

P

T

B3 = Be.
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‘. Figure 4-7 shows the electric and magnetic field .

\ spatial profiles, as contours on the r-z grid, and as a
vector plot for the electric field lines (the magnetic

® field lines are purely azimuthal). These figures represent
the system at time t = 108 ns, but they are quite insensitive
to time. After the current maximum, dI/dt switches sign,

o and at later times the electric field vector plot shows
arrows pointing opposite to those on Figure 4-7.

The electric and magnetic field components E, and

g By are plotted against time for various radii on Figure 4-8
and 4-9. These plots show the shape of the driving current
waveform (since Be « I) and the shape of the induced voltage

o waveform (since E, = V « dl/dt).

Figure 4-10 shows the total field energy against

time. It also displays the breakdown of field energy
‘. associated with each field component. The curves have
the expected shape for an inductively driven gap.
The next step is to turn on electron emission on
[ the cathode. To compare with Maxwell's data, the anode
surface includes absorber regions which collect charge as

a Faraday cup. The absorbers in the code are rings located

. on the anode surface at the same radii as the Faraday cups
in the experiment. Each absorber ring is four cells (or
4.12 cm) thick with radius P, and therefore presents a
P collecting area of 2nP x 4.12 cmz, which must be renormalized
51
e




\K to the 1.8 cm: collecting area of the Faraday cups used
in the experiments. The code does not include the .003 inch
aluminium foil or the baffle on which the foil is stretched
-0 (see Figure 4-2). All charges which hit the absorber regions
are collected and counted, whereas the experiment only
counted those electrons with sufficient energy to penetrate
| ® the foil and with incident angles less than approximately
75° to the normal.
The results of the simulation are summarized on
:.f) Figures 4-11 through 4-24. Figure 4-11 shows the field
spatial behavior at two separated instants of time, t = 160 ns
and t = 220 ns. The earlier time shows a field structure,
P which is similar to the cold-test field (cf. Figure 4-7),

except for the effect of particles near the short-circuit

post. The late-time field structure shows the effect of

." particle emission. Figure 4-12 shows the total field energy
:.' and the field energy associated with each field component 1
Ef" plotted against time. These plots represent the time :
¥ .. dependence of the volume-averaged fields. The corresponding

g plots in the absence of emitted electrons are shown on

Figure 4-10. The field energy is dominated by the energy

PRI ' ",','.‘.'..‘..'..
e e PO

stored in the Befield.

-
N
.
T

PP Py

The particle density on the grid is displayed on
Figure 4-13 at t = 160 ns, 220 ns, and 340 ns, which shows

the development of the electron loss current in the gap. 2
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; The total, volume-integrated charge in the svstem plotted !
) : : . P

: against time 1s also shown on Figure 4-13. The maximum 4
- total charge in the gap occurs at t = 160 ns, but is highly ﬁ
® )

localized near the cathode surface.

The particle phase space projections are given on

Figures 4-14 through 4-18, for time t = 160 ns, 240 ns and K

A e
g T el .

340 ns. Figures 4-14 and 4-15 illustrate the behavior of

[
’

1

the axial momentum Pz vs. z {or Xl) and PZ vs. v (or X,),

LN T
DR I RV R

and show the development of the electron loss current from
magnetically-insulated emission on the cathode to the

formation of an electron laver throughout the gap, due

R . 3
)

partially to electron emission from the short-circuit post.
Figures 4-16 and 4-17 show the same information for the
radial momentum, Pr’ while Figure 4-18 shows Pr Vs Pz‘
The electron loss begins on the cathode at large r, where
the magnetic insulation is weakest, and gradually progresses
toward the short-circuit post, since the current crossing
the gap at large r reduces the magnetic field at small r.
The E-J instantaneous power is plotted against time
on Figure 4-19, which shows the total power, as well as
the contributions due to the radial and axial components.
The axial component, Esz’ is the dominant one, as expected

for current loss across the gap.

Electron emission in the code is allowed from both

the cathode surface (or right-hand boundary) and the surface




ML AT ISR AT e AT gy \-.f_‘-.-'-...-_._?:_: '_-k."":'- AT ST LA A At A A A DA

of the short-circuit rod (or lower boundary). Figure 1-20
shows the emitted current from these two surfaces plotted
against time.

The electrons may be collected on all surfaces.
Figures 4-21 shoks the collected current vs. time on the

anode (left), cathode (right), top (upper) and short-circuit-

rod (lower) surfaces.

The instantaneous current collected by absorber ]

number 1 through 4, which correspond to Faraday cups 1 gg
through 4, is shown on Figure 4-22. The total integrated i}
current, and the current integrated over 1000 time steps fp
(10‘8 sec) is shown on Figure 4-23 for Faraday cup number 1 ij

o4

and on Figure 4-24 for Faraday cup number 2.

.8

»
A s

The calculated current on Figure 4-24 has two major

discrepancies with the experimental data. First, the
waveform for the current averaged over 10 ns bins shows
two peaks separated by almost 200 ns in time. The experi-
mental Faraday cup waveform does not show such widely
separated peaks. Second, the magnitude of the integrated
loss as calculated by the code is approximately 600 times

greater than the experimentally-measured loss.

Both of these discrepancies can be attributed to
the absence in the code of the .003 inch aluminium foil

covering the Faraday cup and the geometrical aperture

T ¥ ¥ ¥ VY ©-
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caused by recessing the Faraday cup charge collector as
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shown on Figure 4-2. The aluminium foil will stop a 130 kel i
electron at normal incidence. A grazing electron with much
lower energy will stop in the foil. B
An examination of the particle energy spectrum i
computed by the code indicates that essentially all of the S
electrons which make up the first spike on Figure 4-24 1lie S
below 100 keV and therefore would not be detected in the i
experiment. Half of the electrons in the second, later 3
)
spike on Figure 4-24 also lie below 100 keV. The other %
half are energetic enough to produce the PIN diode signal i
5bserved in the experiment. i
The electron orbits as they impinge on the absorbers a
(Faraday cups) in the code are very steep since the electrons ;

drift radially-inward as they traverse the gap, due to the
E, x By drift. Most of these electrons are therefore
blocked by the Faraday cup acceptance (eg 75°) aperture,
or are stopped in the aluminium foil.

Modifications to MASK are currently in progress to

quantify these effects. The results to date, however,

indicate that the electron losses measured in the Maxwell

experiment probably constitute only a small fraction of
g, . the actual loss present in the apparatus. The scaling of

existing pulse-power devices to significantly higher power

will depend on the understanding and control of these power

;
A !
PN

losses in the vacuum sections of the machines.
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FIGURE 4-1: SCHEMATIC DRAWING OF EXPERIMENT
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Fig. 4-7: Cold Test Field Structure at t= 108 ns.

(a) Ez Contours; (b) E_ Contours;
(c¢) By Contours; (d) E vector plot.
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, is basically a Runge-Kutta

Appendix A

WIRES CODE

The WIRES code, based on the model described in Section

(1) array radius,
(2) 1implosion speed,

(3) current,

integrator for five variables:

(4) radiation yield in photons with energy greater

than ¢* (an input),

(5) total radiation yield.

If run interactively, the code will prompt the user for

the following data:

Block 1

Block 2

N = number of wires

EST= spectrum cut-off energy (eV)

XMU= single wire mass per unit length (g/cm)
XL = wire length (cm)

R(@#) = initial array radius (cm)

B = outer radius for return current

yA = atomic number of wire material

XMASS = atomic mass (amu) of wire material
CLOG = Coulomb logarithm (default value
GAMMA = specific heat ratio (default value

EMISS1= emissivity for hv<EST (default value
EMISS2= emissibity for hv>EST (default value
NPFLAG= (1 or 0) = (Yes or No) print during integration

for wire cooling after assembly.

b
V@ = circuit charge voltage (Volts)
2P = generator impedance (Ohms)
XLD= diode inductance (Henries)

O N I T S 8 R
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Block 4

DT = time step for Runge-Kutta (sec)
= number of time steps between print-out's.

NPRINT

line input.

The main program initializes the problem and calls the

(1) STEP:

(2) FORCE:

(3) RADFRAC:

(4) XCURR:

(5) OUT:

following subroutines:

Calculates one Runge-Kutta time step,
using subroutine FORCE to calculate the
necessary first derivatives.

Provides derivatives for use by STEP.
FORCE finds the temperature by imposing
a local Bennett equibrium,

Calculates the fraction of the black-

body radiation yield which lies above
EST.

Allows a specified current waveform to
be utilized; this option is not used in
the current version of WIRES.

Print-out subroutine.
quantities are printed:

(a)
(b)
(c)

~r—
o O,
—

FNPSN PN NN NS NS
OB 3 X< T
e N e e e e e N

Each data block should be entered in free-format as a single-

2

B
8

T
Y (1)
Y (2)
Y(3)
Y (4)
Y (5)
A

T (EV)
ZEFF
DENS

RP (OHMS)

LP(H)
VI (W)

P-OHMIC

P-BB

e et e e
@
bt b e A 8 2 i A Bl o a a L. _ —

P R
-n_a_p ¢ @

.o e

L

=n (1+Zeff)KBT.

The following

array radius
implosion speed

yield for hv>EST

total yield

wire radius

wire temperature (eV)
effective ionization state
number density

wire resistance(Spitzer)
wire inductance (Russell)
ipput power
Ohmic dissipation
blackbody radiation power



(6)
(7)

(8)

(p) W-FLD
(q) W-KIN
(r) W-INT

XVOLTS:
FINAL:

DERIV:

2
LI /7 = stored field energy
Nuv®/2 = kinetic energy
1.5 n(1+Zeff) KBT = internal energy

specifies applied voltage waveform.

Calculates final assembly and cooling of
plasma cylinder, based on instantaneous
conversion of kinetic energy to temperature
followed by radiative cooling via blackbody
emission.

Provides derivatives for

(a) temperature

(b) yield above EST

(c) total radiation yield

needed by subroutine FINAL.
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‘I ® Appendix B
EGVPRB CODE
The EGVPRB Code, together with pre-processors (EGVSETUP
e and MHDEQUIL) and post-processors (EGVPLT and EGCOPLT) are
described in an on-line documentation .file, EGVPRB. INF, which
_ is listed below.
'. The various modules are
: (1) EGVSETUP : File assignment.
(2) MHDEQUIL.FOR : MHD equilibrium specification.
',’ (3) EGVPRB.FOR : Linear, ideal MHD stability analysis.
(4) EGVPLT.FOR : Plots coefficients and eigenfunction
for converged solution.
. (5) EGCOPLT.FOR : Plots coefficients and eigenfunctions
' ® ' for sequence of trial solutions.
1 The main module, EGVPRB.FOR, solves general second-order,
; differential eigenvalue problems of the form,
S aE™ + bg” +cg = 0,
where g£(r) is the eigenfunction, and the coefficients, a(r,A),
;&' b(r,)), and c(r,)r), are functions of both r and the eigenvalue
! parameter, A. This code, specialized to solve the linear, ideal
' " MHD stability problem for a specified cylindrical equilibrium,
:ﬁ' is set-up on the JAYCOR VAX Computer (Host CAIN, Directory
§ [IPRS]). The MHD stability analysis itself is described in
Section 3.
'
:.
X " B-1
C
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The major subunits of the EGVPRB code are the following:
(1) SYSODE: the main program, a top-level governor.

(2) MATRIX: reads input data and calculates the a,b,c
coefficients.

(3) FCN: calculates the determinant which provides
the characteristic equation for the eigen-
value.

(4) CEVALF: a root finder which solves the character-
istic equation for the eigenvalue.

(5) BC: a subroutine which sets-up the specified
boundary conditions.

(6) MATNRM: normalizes the determinant to avoid over-
flow/underflow.

(7) NRMFCN: eigenfunction calculation

(8) PLTFCN: sets-up output plots

(9) DEPSE: decomposition of function into B-splines.
(10) REPSE: recomposition of function from B-splines.
(11) REPSP: recomposition of first derivative of

function from B-splines.

The EGVPRB package was designed for the CRAY computer
system, and several CRAY-dependent lines of code were '"com-
mented-out" of the code to adapt it to the VAX. The unfor-
tunate overflow/underflow limits on the VAX (approximately
10*35) impose a limitation on the number of knots (or nodes)
which may be carried in the splines. Tne determinant to
be computed is an N x N determinant, where N is the number

of knots. While the determinant is normalized, the VAX can

overflow or underflow easily if N 2 30 is utilized. An

. - P RS e
ot '. T
WA l U " N

I

." -" ", ey

5 r. 3
[ A
‘aa e p

<. [",
,
.

A AS
NS




iy At

., '- ‘- ‘- ;.

-~ VAL UM

¥’ . b '. ., LN I.J-

Bl

input parameter, SETNRM, has been built into the code to

"fine tune' the determinant normalization so as to avoid
this problem. With SETNRM specified as 1, the code normal-
izes the determinant to the largest element in the matrix.
Test problems using N=20 have run without difficultly with
SETNRM=1,

Listings of the various modules follow.
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APPENDIX C

Listing of WIRES




g 7

FROGRAM WIRES By

1 IMPLICIT REAL¥8(A-H,0-2) =
- FARAMETER (NLIIM=5) - -

DIMENSION Y (NDIM) DY (4, NDIIM) , YOLDH(NDIIM) —d

| @ COMMON N, EST, XMU, RHO» XL, B, Z» CLOG. NFFLAG, o

* XMASS, GAMMA, [T, TEMF, A, EMISS1, EMISS2

COMMON/CIRC/VO, Z0, XL, XLDOT» XLP>RP» ZEFF
DATA P1/3.14159265358979323800/

A
e e
2 a8 a2 4

FROGRAM TO CALCULATE IMFLOSION
OF WIRE ARRAYS
Y (1)=ARRAY RADIUS
Y{(2)=IMPLOSION SPEED
Y (3) =CURRENT

Y (4)=YIELLD ABOVE EST

Y{(5)=TOTAL YIELL

s

Tyt

PR A e
e

v @
& e "..‘

INFPUTS
N=NUMBER OF WIRES
EST=CUT-0OFF ENERGY (EV)
XMU=WIRE MASS/LENGTH
XL=WIRE LENGTH (CM)
R(O)=INITIAL ARRAY RADIUS (CM) =Y (1)

)
»
:-(

i

Lalals

: B=0UTER RADIUS FOR RETURN CURRENT (CM) fﬂ
Z=ATOMIC NUMBER 3
CLOG=COULOME LOG (DEF:4) o
XMASS=ATOMIC MASS (AMU) <
GAMMA=SFECIFIC HEAT RATIO (DEF:5/3) =
EMISS1=EMISSIVITY BELOW EST (DEF: S.E-4) P

® EMISS2=EMISSIVITY AROVE EST (DEF: S5.E-6) et

NPFLAG=(1,0)=(YES,NDO) FRINT DURING TEMF DECAY
VO=CIRCUIT CHARGE VOLTAGE

ZO=GENERATOR IMPEDANCE

XLD=DIODE INDUCTANCE

ODT=TIME STEP (SEC)

NFRINT=INTERVAL RETWEEN PRINTS

aooopoooocoOoonoooooaooOo0oaooOononoOoo0onn

GAMMA=S, /3.
CLOG=4.
EMISS1=5.E-4
- EMISS2=S.E-6
[ ) Y (2)=0.
Y(2)=1,ES
- Y (4)=0.
3 Y (5)=0.
. IFIRST=0
) PRINT 900
6. 900  FORMAT(1X,’'N,EST(EV),XMU, XL’/
- X 1X,'R(0),H,Z,XMASS (AMU) » CLOG, GAMMA, * ,
*'EMISS1,EMISS?, NFFLAG’ /
X SX,’'NFFLAG=1 FOR FRINT'/
X 1%, ’'VO(VOLTS)»Z0 (OHMS) , XLI(HENRIES) ’ /
' X 1X,’'DT,NFRINT’)
READ(S, %) N,EST,XMU, XL
READ(S,X) Y(1),HE,Z,XMASS,CLOG,GAMMA, EMISS1,EMISS2, NFFLAG
READ (S, %) V0, Z0, XLD
READI(5, %) DT,NFRINT
T=O .
, KOUNT=0
e KPRINT=0
10 CALL STEF(T,Y,NDIM, DY, YOLD)
KOUNT=KOUNT+1

i)




EFRINT=KFPRINT+1

XN=N
IF(CIFIRST.EQ.O) . ANDL (A.GT.Y (1) XSIN(FI/XN))Y) BGOTO 15
IFIRST=1
- IF(ARS (A=Y (1) XSIN(FI/XNY) LLT. 1. E-3%A) GOTO 20
o OT=MIN(DT, .SX(A/SIN(PI/XN)Y =Y (1)) /Y (2))
: 15 IF (KFRINT.LT.NFRINT) GOTO 10
KFRINT=0
CALL OUT (T,Y.NDOIM)
GOTO 10
N 20 CALL DUT(T,Y.NDIM)
o CALL FINAL(T,Y,NDOIM)
STOP
END

SUBROUTINE STEF(T.Y.NOIM,DY,YOLDD
IMFLICIT REALX¥8(A-H,0-2)

- DIMENSION Y (NDIIM) - DY (4, NDIM)  YOLDH(NDIM)Y , [ (4)

‘. COMMON N, EST, XMU,RHO, XL, B, Z,CLOG, NFFLAG,

¥ XMASS, GAMMA, [T, TEMF, A,EMISS1,EMISSD

4 TOLD=T

o D0 S I=1,NDNIM

. 5 YOLD(1)=Y(I)

g 0D(1Y=0T/2.

0(2)=0T/2.
0(2) =0T
[(4)=0T/6.
L=1
10 CALL FORCE(T,Y.DY,NOIM,L)
L=L+1
IF(L.EQ.S) GOTO 20
® T=TOLD+D(L—1)

: DO 1S J=1,NDIM
15 Y (J)=YOLD (J)+DY (L-1,J) xD(L-1)

i GOTO 10
20 DO 25 J=1,NDIM
: 25 Y (D) =YOLD (D +D(4) X (OY (1, 0)+2, X0OY (2, 1)

e X +2,.xDY (3, D) +DY (4,d))

-~ RETURN

. END

SUBROUTINE FORCE(T,Y,DY.NDIM,LRK)

IMPLICIT REALX8 (A-H,0-2)

- DIMENSION Y (NDIM) , DY (4, NOIIM)

[ - COMMON N,EST, XMU,RHO, XL, B, Z,CLOG NPFFLAG»

3 X XMASS,GAMMA, 0T, TEMP,A,EMISS1,EMISS2
COMMON/CIRC/V0, 20, XLD, XLDOT» XLF,RP, ZEFF
DATA P1/3.141592652358979323800/

. DATA SIG/S.6696E-5/,XKE/1,3807E-164/

- DATA TO/1.16E7/,XMP/1.6606E-24/

(e 226=(26./27) XX2

XN=N

XIP=Y (3)

C=XIPXXIFXXMASSXXMP/200. /XNXX2/XMU/XKE

TU=C

y TL=C/(1.+2)

Y Do 10 I=1,20
: TEMP=, 5% (TU+TL)

ZEFF=26. *SAORT (TEMP/ (TO+Z26%XTEMP) )

CTEST=TEMPX (ZEFF+1,)

IF(CTEST.LT.C) GOTO S

TU=TEMP

GOTO 10
5 TL=TEMFP
CONT INUE
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L
e A

IF(ZEFF.LT.2) GE=.582+.101%(ZEFF-1)
IF((ZEFF.LT.4) .AND, (ZEFF.GE.2)) GE=.683+.051%(ZEFF-2)
IF((ZEFF.LT.16) .AND. (ZEFF.GE. 4))0GE=.785+,.0115% (ZEFF-4)
IF(ZEFF.GE. 146) GE=1.-1.232/2EFF
RHO=3800. XZEFF*CLOG/GE/TEMPX%X (1.5)
) CALL RADFRAC(EST., TEMF.FRAC)
EMISS=EMISS1% (1. ~-FRAC) +EMISS2¥FRAC
A= (1. E7XRHOXXIFXXIF/2./PI/FI/XN/XN/SIG/EMISS/TEMPXX¥4) %% (1./23.)
RF=RHOXXL/FI1/A%%X2/XN
XLP=XLX (.S+2. XLOG(BXXN/XN/A/Y (1) ¥%X (N—-1))) /XNXx1.E-9
XLDOT=-2. kXLX (XN-1.)XY(2) /Y (1) /XNX1.E-9
‘ ® CaLL XVOLTS(T.V)
AS=2, XPIXAXXLXXN
Y (LRK, 1) =Y (2) S
DY (LRK, 2) == (XN=1. ) ¥ (XIF/10. /7XN) ¥X2/XMU/Y (1) o
DY (LRK > 3)=(V-(ZO+RP+XLDOT) XX IP) / (XLL+XLF)
‘ DY {LRK,4)=FRACXSIGXEMISS2XASXTEMFP X X4
‘. DY (LRK . 5)=SIGX¥EMISSXASXTEMFX X4
| RETURN )
‘ END :
]
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SUBROUTINE RADFRAC (EST. TEMF, FRAC)

IMPLICIT REALX8(A-H,0-2)

DIMENSION YLT(70),YFRAC(70)

DATA YLT/.01,.02,.03,.04,.05,.035,.064,

. 065,.07,.075,.08,.085,.09,.095,
.10,.11,,.12,.13,.14,.15,.16,.17,.18,.19,
.20,.22,.24,.26,.28,.30,.32,.34,.36,.38,
.40,.45,.50,.55,.60,.65,.7,.8:,.9,1.,»
1.1,1.2-1.351.451.5,1.6-1.7-1.8,1.9.2.,
2.5:3-:3;514-15-16-v7.,8.19.’lo.vIS-)
20.,30.,40.,50.,100./

DATA YFRAC/0.,3.7E-27,.2.7E-17,1.9E-12,
1.3E-9,1.35E-8,9.29E-8,4.67E-7> 1.84E-6,
5.94E-6,1.64E-5,3.99E-5,8.7E-5,1.73E-4,
3.21E-4,9.11E-4,,00213, .00432, .00779%9.
.01285,.01971,.02853, .03933, .05210,

. 06672,.10087.,.14024,.18310,.22787,

. 27320, .21807,.36170,.40327,.44334,

. 48084, .546428, .63370,.69086,.73777,

. 77630, .80806, .85624, .88998,.21415,
.932184, .94505, ,95509, . 96285, . 968932,

. 97376, .97765, .98081, .98340, . 98559,
99216, ,.99529, . 99695, . 99792, . 99890,

. 99935, . 99959, . 99972, . 99980, . 29985,

. 999955, . 99998, . 9999943, . 9999975, . 9999988,
« 99999985/

DATA HC/1.2399E-4/,C2/1.43883/

‘ XLT=TEMPXHC/EST
@ IF(XLT.GE..O02) GOTO 10

| FRAC=0,.

RETURN
10 IF(XLT.LE.100.) GOTO 20
X=C2/XLT
FRAC=1.,~.05132xX¥%3
Py RETURN
20 o 20 1=2,70
IF(XLT.GT.YLT(IY) GOTO 20
FRAC=YFRAC(I-1)+ (YFRAC(I)-YFRAC(I-1))x
X (XLT=YLTA(I-1))/(YLT(I)-YLT(I~-1))
GOTa 40
® 30 CONT INUE
40 RETURN
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SUBROUTINE XCURR(XIF,T)
IMFLICIT REAL¥B(A-H,0-Z)
XIFP=5.E6
RETURN

ENL

SURROUTINE QUT (T,Y,NDIM)
IMFLICIT REAL¥8(A-H,D-2)
DIIMENSION Y (NDVIM)

COMMON N, EST. XMU, RHO, Xi_, B, Z. CLOG. NFFLAG,

¥ XMASS,GAMMA, DT, TEMP,A,EMISS1,EMISS2

COMMON/CIRC/VO0, Z0, XLD, XLDOOT, XLF, RF. ZEFF

DATA PI/3.1415926535897932

38007, XMFP/1,6606E-24/

DATA SIG/5.6696E-5/,XER/1.28BC7E~16/
WRITE (6, 999)

FORMAT (19X,

FORMAT (34X,
FORMAT (27X,
FORMAT (28X
FORMAT (30X,
TTTT=TEMF/11600.

T ILXL Y L) L EX, Y (D) L 1IX, Y (D) !,
X 11X,°'Y(4)’,11X,’'Y(S) ")
'AYL 10X, 'T(EVY ', 11X, 2EFF’, 1 X, 'DENS").
'RE(OHMS) *» 10X, 'LF(H) ', 10X, 'VI (W) ")
'F-OHMIC’ 11X, 'F-HE’, 10X, 'F-KIN')
TW-FLDY 5 10X, WK IN', 10X, "W=INT’)

WRITE(&,1000) T, (Y(I),I=1,NDIM)
WRITE(6,998)

DENS=XMU/PI/AXx¥x2/XMASS/ XMP
CAaLL XVOLTS(T.\V)

CALL RADFRAC(EST, TEMF,FRAC)
EMISS=EMISS1% (1.-FRAC) +EMISSZ2XFRAC
VI=Vxy (3)

XI2R=RFPXY (3) ¥ %2

XN=N

AS=2. XFIXAXXLXXN

PEBE=SIGXEMISSXTEMFPXX4XASX1.E-7
XIZ2LD=,S%xXLDOTXY (3) ¥%2
WFLD=.3SX (XLO+XLP) XY (3) XX2Xx1.E7
W IN=, SXXMUXXLXY (2) XX2XXN
WINT=1.S%DENSX (ZEFF+1.) XXKEBXTEMP

WRITE(&6,1001)

WRITE (6,997)
WRITE (6,1002) RP,XLF.VI
WRITE (65 996)
WRITE(6,1002) XIZ2R.FBE, XIZLD
WRITE(6,993)
WRITE(651003) WFLLD, WK IN,WINT
FORMAT (55X, 6E15.5)

FORMAT (20X, 4E15.5)

FORMAT (20X, 3E15.5)

FORMAT (20X, 3E15.5/)

RETURN
ENL

SUBROUTINE XVOLTS(T.,\)
IMPLICIT REALX8(A-H,0-2)
COMMON/CIRC/V0, ZO. XLD, XLDAT, XLF,RF, ZEFF

v=v0
RETURN
END

SUBROUTINE FINAL(T.Y.NDOIM)
IMPLICIT REALX8B(A~-H,0-2)
DIMENSION Y (NDIM), ZVECT(3),0ZV(4,3),0(4),Z0L0O(3)
COMMON N,EST, XMU,RHO, XL, B, Z,CLOG, NFFLAG,

A, TTTT, ZEFF. DENS

¥ XMASS.GAMMA, DT, TEMF, A, EMISS1,EMISS2

COMMON/CIRC/VO, 20, XLD, XLDOT, XLF, RF, ZEFF
DATA F1/3.14159265358%793238L0/
DATA XMP/1.,6606E-24/,T0/1.16E7/

AN S SRR ’
vt

SO
------

| R
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DATA S1G/5.6696E-5/, XKB/1.3807E-16/
FINAL ASSEMELY —-- CONVERT TQ CYLINDER
VA=AL FVEN SFEED
XKk =1/RO=WAVENUMEBER FOR MAXIMUM GROWTH
TASBLY=5%MHL GROWTH TIME
KINETIC ENERGY CONVERTEL TO TEMPERATURE
RAODIATION ASSUMELD RLACK-RODY
ZVECT (1) =TEMFERATURE
ZVECT (2)=RADIATED ENERGY AEROVE EST
ZIVECT (3)=TOTAL RADIATED ENERGY
XN=N
126=(26.7/7) ¥%2
ROUT=A+Y (1)
DENS=XNXXMU/FI/ROUT® %2
BOUT=Y (2) /5. /ROUT
VA=80ORT (ROUTXROUT /4. /F1/DENS)
XKk=1./ROUT
TASBLY=5. /XKEK/VA
WEIN=, SEXNKXMUXXLXY (2) ¥%2
TIN=TEMP
C=XMASSkXMFXY (2) ¥%x2/ (3. xXKB)
TU=TIN+C
TL=TIN+C/ (1.+2)
0Dg 10 1=1,220
TEMP=.35% (TL+TU)
ZEFF=26. %SART(TEMF/ (TO+Z26XTEMF) )
CTEST=(TEMP-TIN) x (1. +ZEFF)
IF (CTEST.LT.C) GOTO S
TU=TEMF
GOTO 10
TL=TEMP
CONTINUE
WRITE (6,998) TEMP/11600..,ZEFF

998 FORMAT (10X, ' TEMP, ZEFF="',2E15.5/)

-------
-

CALL RADFRAC (EST, TEMF, FRAC)
EMISS=EMISS1x% (1.-FRAC) +EMISS2XFRAC
AS=2. XFPIXROUT®XL

IVECT (1) =TEMP

IVECT (2)=Y (4)

ZVECT (3) =Y (S)

XK 2=SIGXAS

X 1=XK2XXMASSKXMF/ (1. Sk XNXXMUKXLXXKR)
OT=,05%(1.+2EFF) /XK 1/TEMP¥XZ/EMISS
D) =0T/2.

D¢(2)=DT/2.

D(2)=DT

D(4)=DT/6.

KPRINT=0

NMAX=1+INT (TASBLY/DT)
NFPRINT=NMAX/100+1

0o 40 JJdJd=1,NMAX

TOLD=T

DO 15 KKK=1,3

ZOLD (KKK ) =ZVECT (KKK)

L=1

CALL DERIV(T,ZVECT.DZV,L,XK1,XK2,Z26,E8T,EMISS1,EMISS2)
L=L+1

IF(L.EQ.S) GOTO 30 -

T=TOLD+D(L~-1)

DO 25 KkK=1,3

ZVECT (KK¥)=Z0LD(KKK) +DZV(L-1, KKE) XTI{L-1)
GOTG 20

Do 35 KkKk=1,2

...............
...................
........




N

999
40

S0

1000

AN CRLOLALMDADLES Cotatubcat L SRELACARAC AR AE AL ARG A A s
1]
35 ZVECT (KKK =ZOLD (KKK +0N (4) X (DZV (1, KKK +2. ¥KDZV (25 KKE)

X +2,X0OZV (3, KKK) +0ZV (4, KKK))
IF (ZVECT(1).LE.1.E3) GOTO S0
IF (NFFLAG.EQ.0) GOTO 40
KFRINT=KFRINT+1
IF (KFRINT.LT.NFRINT) GOTO 40
KFRINT=0

WRITE(4,999) T,.ZVECT(1)/11600.,ZVECT(2)%1.E-7,ZVECT(2)X¥1.E-7

FORMAT (10X, ' T» TEMP , WRALG, WRAD=", 4E15.5)
CONT INUE )
CONT INUE
TTTT=ZVECT (1) /11600.
WRALDG=ZVECT (2) %1 ,E-7
WRAD=ZVECT (3) ¥1.E~7

ZEFF=26. XSORT (ZVECT (1) / (TO+Z26XZVECT(1)))
WRITE (&, 1000) ROUT.TASBELY.DENS, TTTT, ZEFF, WRALG, WRAD
FORMAT (1HO, 20X, 'FINAL ASSEMBLY’/

SX, ' COLLAFSE RADIUS{(CM)=',E15.5/

5X, 'ASSEMELY TIME(SEC)=',E15.5/

5X. 'DENSITY(G/CC)=',E15.5/

SX, ' TEMFERATURE (EV) =’ ,E15.5/

%X, ZEFF=’,E15.5/

SX, 'RADIATION ABOVE EST (J)=',E15.5/
5X, ' TOTAL RADIATION(J)=',E15.5)
RETURN
END

SURROUTINE DERIV(T,ZVECT.DZV,L,XK1l,XK2,Z26,EST,
x EMISS1,EMISS2)

IMPLICIT REALX8(A-H.0D-2)

DIMENSION ZVECT(3).DZV(4,3)

DATA TO/1.16E7/

IF(ZVECT(1).LT.0.) ZVECT(1)=0.
TEMP=ZVECT (1)

TEAC=TO+Z26XTEMP

CALL RALDFRAC (EST. TEMF.FRAC)
EMISS=EMISS1% (1.-FRAC) +EMISS2XFRAC

I MW I I W K K

DZV (L, 1)=-EMISSXXK1¥TEMFPX%4/ (1. +26. ¥SART(T/TFAC) X (1.+.SXTO/TFAC) )

OZV(L,2)=EMISS2¥FRACXXKZXTEMFXXx4
DZV (L, 3)=EMISSXXK2Z2XTEMPXX4
RETURN

END

.......
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APPENDIX D

® Listing of EGVPRB. INF




This is a user—info file for usins the EGVFRE rackase

for solvings eisenvalue rFroblems of the form,
av'’ + by’ + cy = 0

where the coefficients, a,b.c, derend on the inderendent
variable, r» andg on the eisenvalue. The code firnds the
eisenvalue 3s well as the eisenfunction, v(r). The current
version (s of 8/71/83) of EGVFRRER is set ufr to solve the linear.,
ideal MHD frroblem for an arbitrary cvlindrical esvilibrium.
The user mavy use this rackase to solve other eisenvalue fFroblems
of the form siven above by definins new coefficients and
boundary conditions in SUBROUTINE MATRIX.

The code mav be run in either of two modes. In the first
mode it calls COMPLEX FUNCTION CEVALF to find the roots

of thh characteristic eisenvalue eauvation. Alternatively,

‘ the code may be used in a mode where it examines the value
of the eisenvalue esvation over a ranse of user-srecified
trial eisenvalues. This second mode allows the user to search
manually for the root, and to examine the behavior of the
coefficients as the eisenvalue rFarameter is varied.

@esvsetur
This command cauvuses the VAX to assisn names to the various
files it will use or create durins the run.

FILE NAME
for003.dat esverrb.scr
for020.dat esvrrb.dat
for015.dat esvFlt.dat
for090.dat escorlt.dat

The files serve the followins Furroses:

esverb.scr -— contains the detailed rrinted cutrut
from the run. Only an abbreviated
version is sent to the user’s
terminal durins an interactive run,

esvrrb.dat inrFut data for esverb, containinse the
cvlindrical equilibrium rarameters.
This file is written by MHDEQUIL for
user-srpecified eauilibria. A serarate
rovtine which uses the outrut of a2 rad-
courled hvdro code to specifvy the esuilibrium
could be used to esenerate this file.

esvrlt.dat inrut data for the erlottins code,

) EGVPLT, which plots the answer found bty

esvrrb. This file is senerated by
esvrrb when it is used in the mode where
the code finds the root.

escorlt.dat—-- inrut data for the rlottins code.
EGCOFPLT, which rlots the coefficients 21 4
trial eisenvector when the esvrrb code ais
ruon in its second mode. This file is created
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by esvrrbh in its second mode, where the user
manually searches for the root.
This command is resuvired at the besinnins of each session.

run mhdeauil

This code sets ur 8 cvlindrical esuilibtrium for esverb baced
on user inrFut. All data is entered in mks units. The code will
Fromrt the user fors:

awall
btheta/radius/ifit
Fressure/radius/ifit
mass densitvy/radiuvus/ifit

The user should fFrovide free-format inruts consistirs of:

line 1: awall —- wall radius (meters)
line 2@ bttheta array -- inrFut arrav of azimuthal

masnetic fields (ur to 11 values)
line 3: radivs arravy —— input array sivins radii at which

masnetic fields were srecified
line 4: ifit array -- inrfrut array of O or 1 for srecifvins
whether linear (ifit=0) or 1/r
(ifit=1) interrolations
are to be used to specify
the masnetic field for esvrrhb.

line S: Fressure array — rressure eprofile (nt/mxx2)
line &6: radius arravy —— radii where rressure srecified
line 7: ifit array —-— linear,1/r fit switch for Fressure
line 8 mass density —— densitvy Frofile (ks/mX%x3)

line 9: radiuvs arravy —- radii where densitvy srecified
line 103 ifit arravy —— linear,1/r switch for density

The code will senerate inrut data for esvrerb, and store it in
unformatted form on esverb.dat.
This ster is needed only if esverb.dat does not already exist.

run read30
This code reads esverb.dat and allows the user to see the
data he is feedins to esverb..

run esvrrb
This is the main code. It will read the esuilibrium data
from esverb.dat, ard will rromrt the user for additional
information:
EVGUES, DEVAL  NEVAL » XK, XM, GAMMA, IBCL ,» IBCR, XL, XR.
These auantities are to be inrutted in free—format as a
sinsle line inrFut. They stand for the followins data:
evsues —— initial suess for the eisenvalue, normalized as
(omesa¥awall/vaa)¥x2, where omesaX¥2 is the
eisenvalue (a savared freauencvy).,awall is the
wall radius, and vaa is the Alfven sreed at
the wall.
deval -- eisenvalue increment for use when the code is
used in mode 2 ~— the code will examine the
svystem for neval distinct choices of the
eisenvalue, startinsg with evsues and incrementins
the eisenvalue by deval to set each new choice.
neval -- the number of trial eisenvalues when the code
is used in mode 2. If neval=0 is entered. the

AZM S Al Nl Al oy
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code will rum in the first mode, disresardins
deval and usinge evsues as the first suess for
the root fainder.

®k - the axial wavenumbier, normaliced as lk¥awall.
xXm - the azimuthal mode rumber,

samma —— the srecific heat ratio, default value 158 S/3
itclsibecr -— boundary flass, default to dirichlet be's
xl.xr —— erid Jlimits, default to normalized 0.1 sarid.

The code will alsoc rromrt (after some time) for a rarameter,
SETNRM, which allows the uvser to alter the normalization of the
determinant. Tyricallv. this rarameter will be srecified as 1,
but if the determinant is close to either underflow or overflow
on the VAX, srecifvins setnrm different from 1 mavy allow the
calculation to rroceed. Alternatively, the number of nodes
carried by code can be reduced to avoid overflow/underflow.

The outrut from the code will be on esveprb,.scrs and on
rlot files esvrlt.dat (mode 1) or escorlt.dat (mode 2).

run escorlt (mode 2)

No user inrut is resuired. The code will senerate rFlots of
1) det vs. ev —— the charcteristic determinant vs

the eisenvalue.

2) a-coefficient vs. r for each eisenvalue (3-d rlot)
3) b-coefficient vs. r for each eisenvalue (3-d rlot)
4) ¢c-coefficient ve. r for each eisenvalue (32-d rlot)
5) eisenfunction vs. r for each eisenvalue

STEP 5S¢
run esvrlt (mode 1)
User mav srecify which rFlots are desired. He srecifies:
NGRAFHS —— # srarhs to be senerated
MGRAPH(J) —— switch for each tvre of srarh
1.0 mean ves,no
merarh(l) -- rlot a—-coefficient vs r
mesrarh(2) --— rlot b—-coefficient vs r
merarh(3) —— rlot c-coefficient vs r
mararh(4) —-— rlot eisenfunction vs r
}
X—— - ———— ——— —————————— - ————
X '
X END OF EGVFRE. INF 1
X '
K e e e e e e e e —— e —————————— +
X
L
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$ASSIGN EGVFPRE.SCR FOROO3
$ASSIGN EGVFRE.DAT FORO3O
$ASSIGN EGVPLT.DOAT FOROL1S
$ASSIGN EGCOPLT.DAT FOROSO

.$
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Listing of MHDEQUIL
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FROGRAM MHLDEQUIL
c
CEkXXX¥WRITES MHDO EQUILIBRIUM DATA
Chkxkx FOR EGVFRE
CXXXkxON FILE FORO30.0AT
Cc
rarameter (nr=21,
X nel2e=nr+2,
X ninrF=11)
dimension bth(nrFr2r).frress(nr2r).rho(nr2F) .,
X va(nr2r)>cs(nr2e)»rhysrd (NF2Fr) .,
X finr(nink)srinr(nine)»ifit(ning)
. data awall/1./,xm0/1.256627e-6/
data samma/l.bbbb&7/
data xl,xr/0..1./
data ifit/ninrk0/
rewing 30 -
Frrint 1000 Y
1000 format(lx,'’'enter data in mks units’/ Ty
3x»'awall’/ 3
3x»'btheta/radivs/ifit’/ o
3xs'Fressure/radius/ifit’/
3x,'mass densitvy/radivs/ifit’/
10%,’ifit=(0,1)=(linear,1/r) fit to data’) -
read(S.%) awall e
xr=awall
del=xr-x1l S
do 10 i=1,ne e
fac=(float(i~-1)/float(nr-1)) -
10 rhyvsrd(i)=xl+delxfac e
read(S.x) finr L
read(S.%) rinr T
read(S,X) ifit :
if(rinr(l).ne.0.) soto S00 AR
do 1S5 J=2,ninr -
¢ if(rinF(i).ea.awall) rinr(i)=1,0001%awall “ &
15 continue )

W W I N

do 25 i=l.nF -
r=physrd(i) . N
do 20 J=1l,ninF hot
if(rinr(i).le.r) soto 20 Py
® iflifit(i).es.0) bth(i)=finr(i-D)+(finr(i)=Tinr(i-1)) s
X ¥(r-rinr(j=-1))/(rinr¢i)=rinr(i—-1)) o
ifdifit(id.ea. 1) bth(i)=finr(i-1)%krinr(i-1)/r
soto 23 '
20 continue e
25 continue
| CRXXXX
do 30 i=l,ninf .
ifit (i) =0 e
rinp(i)=0. "
20 finr(i)=0. ok
read (S, %) fine S
P read(S,x) rir- -
- read(S,%) if: B
it(riner(l).ne.0 . snto S00 ..
do 32 J=1l,ninr e
if(rinp(i).ea.awall) rinr(i)=1.0001%awall e
32 continve ) R
2y do 40 i=1.nF .
raphyerd (i) e
do 35 .d=1l,nine -

....................
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if(rinr(i).le.r) soto 39
iflifit(i).ea.0) rress(i)=finr(d~-1)+(finr(i)~-finF(i-1))
X ¥(r—-rinr(i=-1))/(rinr(i)-rinr (i-1))
if(ifit(i).ea.1) frress(i)=finr(i-1)%rink(i-1)/r
soto 40
] 35 continue
40 continue
CXXKXX _
do 45 i=1i.ninF R
ifit(i1)=0 o
rinr(i)=0. 5}}
45 finr(i)=0. Py
® read(S5,%) finp '.A
read(5,X%) rinr T
read (S, %) ifit o
if(rinF(l).ne.0.) soto SO0 N
doe 47 .i=2.ninr -
P 1f(rinr(i).ea.awall) rinrF(i)=1.0001%awall
47 continue .
do 55 i=i1.nr
r=rhysrd(i)
do SO Jd=1-ninF
if{rinr(i).le.r) sote S0
if(ifit(i).es.0) rho(i)=finr(i-L)+(finrli)—Ffinr(i-1))
X ¥(r=rinr(i-1))/(riner(i)-rinrd(i-1))
if(ifit(i).exa.1) rho(i)=finr(i-1)Xrinr(i-1)/r
soto 55
continue
continue
write(6,1001) -
@ 1001 format(lhil19x%,'r’212x, bth’212%,'rho’ . 10X, 'Fress’s
X 13xs’'va’-13%x,'cs’ /)
do 60 i=1l.nr
va(i)=sart (bth (i) ¥%x2/xmO/rho(i))
cs(i)=sart(sammaXrress(i)/rho(i))
write(b6,1002) physrd(id)+bth(i).rho(i).rress(i),valid,cs (i)
@ 1002 format(Sx,6el5.5)
60 continue
write(30) awall.tth.rhosFress,va,cs
endfile 320
goto 600
S00 write(6,1003) rinr(l)
& 1003 format(1h0,Sx, ' XXkXXxX¥X%¥input error¥XXXXrinr(1)=0. is exrected’s
X XXXXXXXXXXinrut has rinr(l)=',el15.5/)
600 continve

o

¢

stor
end
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Frosram readls
rarameter{nsdr=101)
dimension rlterd(nsdrl »rltr(nsdr).rlti(rnsdr)
rewindg 15
' do 100 m=1.,4
read(15) nsd.rlterd>rltr.rlti>vmin.,vmax
write(b6,1000) nsasd
1000 format(ilhi,Sx, ' 'nsd=’,1i6)
write(b,1001) (rlterd(i), i=i,.nsdr)
1001 format(Sx,’'rltard=’'/S0(10x.6€15.5/7))
® write(b6,1002) (rltr (i), i=l,nsde)
1002 format (Sx,'rltr='/90(10%x,.6€15.5/))
write(4,1003) (rlti(i), i=1,nsdr)
1002 format(Sx,'rlti=’/S0(10x.6€15.5/))
write(6,1004) vymin,vymax
1004 format(Sx,’'vmin=',e15.5,5x%x: 'ymax=’',¢el15.5)
100 continue
® stoFr
end

------
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Frosram read30Q
23333833333 3333323 2833333233333 3323833333333333388"
c reads & rrints for030 written bv X
c bty mhdeauil to rrovide data to esverb *
(3833323358008 20 2328303223338 2383833383830 08280
rarameter (nr=21,
X MF2F=NF+2)
dimension bthi(nr2r).rress(nr2r)>rho{nr2F).,
X val(ne2r),cs(nr2F)>»rhyvsrd (nr2F)
rewind 30
read (30) awall,bth,rho>rress,vascs
do 10 i=1l,nF
fac=(float(i-1)/floeat{nFr-1))
rhyard(i)=awallXxfac
write(é,1000) awall _
format (1h0,20x,'data for esvrrb’/10x,'awall=’,el5.5/7)
write(6,1001)
format (Sx 1’ +9% ' r' 27X "bth’' 7%, 'rho’2Sx»'rress’,
8x,’va’:8x.'¢cs’)
do 20, i=1.n¥¢
write(6,1002) i.rhysrd(i).bth(id)rho(i).rress(i).va(i),cs (i)
format(1x,1iS,6e10.3)
continve
stor
end
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FROGRAM EGVFLT

-

REAL IX1,IX2,1Y1,1Y2 - -
INTEGER OTAFE.RBUFFER (1) ;j
LOGICAL LTIME )
FARAMETER (NGDOF=101)

[NIMENSION LCFLTGRIN(NGDF) » DFLTR (NGDF) - DFLTI (NGDF) »

¥ PLTGRD(NGDF) . PLTR (NGDF) , FLTI (NGLIF) » MGRAFPH (4)
INTEGER TITLIN(1),TITEND(1)

LENBUF =1 X
OTAFPE=106 @
NGRAPHS=1 -
X1R=150. e
X2R=750. S
Y1R=100. -
Y2R=700.
NOWX=20
NDVY=20
LTIME=.FALSE.
TIME=0.
PRINT 900

200 FORMAT (1X, ' NGRAPHS ; MGRAFH* /

X 55X, 'MGRAFH (D =(1,0)=(Y.N)*/

X SX,! \J=1,21314=Ai81C1EV')
READ (S, Xx) NGRAPHS.MGRAPH L
CALL GRAFIT(0,0TAFE,BUFFER, TITLIN) s
CALL GRAFIT(8,0TAFE,BUFFER,~1) e
REWIND 1S
NREAD=0 : g
DD 100 JGRAFH=1,NGRAPHS .

5 NREAD=NREAD+1 2
READ(1S,END=150) NGO, DPLTGRD, DFLTR, DFLTI, DYMIN, DYMAX e
IF (MGRAFH (NREAD) .EQ.0) GOTO S N
YMIN=DYMIN . -
YMAX=DYMAX :
YYMAX=MAX (AES (YMAX) . ARS (YMIN))
IF(YYMAX.EG.0.) YYMAX=1.
YMAX=YMAX/YYMAX
YMIN=YMIN/YYMAX
0O 10 J=1.NGOF
PLTGRD (J) =DPLTGRI (J) L
PLTR(J)=DOPLTR(J) !

10 PLTI (D) =0FPLTI (D)
Do 20 J=1,NGDF

Ly
.

B SR T
. . PR

PLTR (J) =PLTR (J) /YYMAX o
PLTI(J)=PLTI(J)/YYMAX s
20  CONTINUE o
X1=PLTGRII(1) *
X2=PLTGRD (NGD) 3
IX1=X1 =
IX2=X2 A
Y1=YMIN 4
Y2=YMAX o
IY1=v1 0
1Y2=Y2 o

CALL GRIGEN(X1,X2,XiR,XZR,Y1,.Y2,Y1R,Y2R,

X ' R $.’,’ LPMA 8.,

X TIME, IX1,IX2,1IY1,1IY2,NOVX,NOVY,LTIME) W
CALL PLOTI_(PLTGRD,FPLTR»NGD, "’ $.') -
CALL PLOTL(FPLTGRD,PLTI.NGD,’ ...%.°')

CALL GRAFIT (4,CTAFE, BUFFER, JGRAPH)

100 CONTINUE ..
e e e e et e e T ST T e et T e et e e T e e A s R e e A
S e Y _-,.'.\‘.\__ LN N T T T e T e e LT ISR AN S SN SO AR



:.1..\._‘\“._...‘..-_.... A N A A R A A R S Y

150 CALL GRAFIT(9,0TAFE. BUFFER, TITEND) S
STOF )
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PROGRAM EGCOFLT
comrlex ev,det
REAL IX1,IX2,1Y1,1Y2
INTEGER OTAFE,BUFFER (1)
® LOGICAL LTIME
FARAMETER (NGDF=101, T
b { nevalr=20) ot
DIMENSION vymin(4),vyvymax(4),detvinevalr),evvinevalr)., -
X aa(4,nevalr.nsdr) xdatal(nevale,nsdr)svdata(nevalrs:nsdr),
X xrlot(nsdr)svrlot(nsdr)., o
PS ¥ PLTORD (NGDF) , FLTR(NGLDF) , PLTI (NGDF) - MGRAFH (4) @)
INTEGER TITLIN(1),TITEND(1)
data srhi/.866/crhi/=.5/
LENBUF=1 >
OTAFPE=106 }}
NGRAFHS=1 : ._.i
X1R=150.
g X2R=750. e |
Y1R=100. ek
Y2R=700.
NOVX=20
NDVY=20
LTIME=.FALSE.
TIME=0. .
CALL GRAFIT(O.0OTAFE.BUFFER, TITLIN)
CALL GRAFIT(8,.0TAFE,BUFFER,-1)
REWIND <90
read(90) neval
do 8000 m=1,.4 -
o vymin(m)=0.
8000 vvymax(m)=0.
detmin=0.
detmax=0.
do 8010 i=1l,neval
read (90) ev.det
L evvi(i)=real (ev)
detv(i)=real (det)
detmin=min(detmin,detv(i))
detmax=max (detmax,detv(i))
do 8008 M=1.4
read(90) nsd-rltsrdrritrserlti,vymin,vmax
[ 4] do 8005 .=1,nsd
8005 aa(m,i>d)=frltr (i)
vvmin{m)=min{vvymin(m),vmin)
8008 vvymax(m)=max(vyvymax(m),vymax)
8010 continve
do 8015 M=1.4
o vmaxx=max (abs (vvmin(m)),abs{vyymaxim)))
vyymin{m)=vyvymin{m)/vymaxx
vymax{m)=vvmax{(m) /ymaxx
do 8015 i=1l,neval
do 8015 J=1,ned
8015 aa(m.i,J)=aa(myir,d)/vymaxx

ddmax=max(abs (detmin),abs (detmax))
do 20 i=1,neval

20 detv(i)=detv(i)/ddmax
detmax=detmax/ddmax

b detmin=detmin/ddmax

s , :

!C; evmnin=min{evv(l),evvineval))

evmax=max(evv(l).evvineval))

evmaxx=max (absevmind,abs(evmax))




do BOZ0 1=1.neval

8020 evv(i)=evv(il)/evmaxx .
EVMaXTeVvVmax/evmaxx 3
EVININ=eVvMmin/evmaxx o
evmin=min{evmin, 0.) —
evmax=max {evmax,0Q.) @
delmin=min(detmin,0.) Y
detmax=max(detmax,0.) o~
Xi=evmin L
X2=evmax ]
IX1=X1 ~ 3
IX2=X2 .4
Yi=detmin y
Y2=detmax e
IY1=Y1 L
IY2=Y2 , -
Jerarh=1 -
CALL GRIGEN(X1,XZ2,X1R:X2R-Y1,Y2:Y1IRsY2R>

¥ ' EV $.',' TED $.',»
X TIME,IX1,IX2,1Y1,IYZ2,NDOVX,NIVY,LTIME)
CALL PLOTL(evv.detv.neval,'’ $.')
xFlot(l)=evmin
xFlot (2)=evmax
vrlot (1)=0,
vrlot (2)=0.
call rlotl(xrlotsvyFlot,2y? ce.%.')
CALL GRAFIT(4,0TAFE, BUFFER, JGRAFH)
100 CONTINUE
do 8500 M=1,4
vmin=0.
ymax=0.
xmin=0,
xmax=0.
do 8100 i=1,neval
do 8050 .=1,.nsd
xgata(i,J)=rltard(i)+tevv (i) Xcrhi
vdata(i,J)=aal{m,i-,di)=-evv(i)Xsrhi
xmin=min{xmin,xdata(i,.))
xmax=max (xmax,xdata(i.J))
vmin=min{(vymin,vdata(i,.))
ymax=max {vymax,vdatal(i,.J))
8050 continue
& 8100 continve
xmaxx=max (abs(xmin).abs (xmax))
vymaxx=max (abs{vmin),abs(vymax))
do 8200 i=1l,neval
do 8200 .=1,ned
xdata(i,Jd)=xdata(i.J)/xmaxx
@ 8200 vdata(i,.J)=vdata(i,J)/vymaxx
' KMEX=XMAX/ XMa XX
Kminsxmin/xmaxx
YMax=ymax/vymaxx
vymin=vymin/vmaxx
¥xmin=min(xmin,0.)
Py xmax=max (xmax,0.)
ymin=min{vymin.0.)
vmax=max (vmax,0.)
®i=xmin :
X2=Xmax
vi=vymin
P vy2=yYmax
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ivl=vyl
1y2=v2

CALL GRIGEN(X1,X2,X1R>X2R>Y1,Y2,Y1R.Y
¥ ' R $.'," LPMA $.',

2R,

¥ TIME, IX1,IXZ2,1Y1,1Y2,NIVX,NOVY,LTIME)

do 8300 i=1,neval

do 8250 u=1,nsd

XFlot (d)=xdatali,Jd)

vyrlot (di)=vdata{i..)

call rFlotl(xrlotsvyrlot,nsdg,'’ $.')
continue

do 8400 i=1l,neval
xrFlot(l)=evv (i) Xcrhi/XMAXX

Xxrlot (2)=xrlot (1)
vrlot(l)=(yvyymin{(m)—-evv (i) Xsrhi) /YMAXX
yrlot (2)=(vyvmax (m)—-evv (i) Xsehi) /YMAXX
xrFlot(il)=max{xrlot(1l).,xmin)
XFlot(2)=min{xrlot (2),xmax)
vrlot(l)=max{vrlot(1l),vymin)
yrlot(2)=mirn{vrlot(2),vmax)

call rlotl(xrlot-vrlot.2,"’ $.’)
Xrlot(l)=evv (i) kcrhi/XMAXX

xelot(2)=(rltard(nad)+evv (i) kcrhi) /XMAXX

vrlot (1)=—evv (i) Xsrhi/YMAXX
vyrlot (2)=—evv (i) Xserhi/YMAXX
xFlot(1)=max(xrlot(l),xmin)
XElot(D)=min(xrlot (2).xmax)
vyrlot{(l)=max{verlot(1),vymin)
vyrlot(2)=min(vyrlot(2),vymax)
call plotl(xrlot,vyrlot,2,' $.')
continue

xFlot (l)=evminXcrhi/XMAXX

xrlot (2)=evmaxkcrhi/XMAXX
vyrlot(l)=—evminksrhi/YMAXX
vyrlot (2)=—evmaxXsrhi/YMAXX

call rFlotl(xrlot.vrlot.2,' $.’)
CALL PLOTC(0.,0.+15’' ...%.")
XPFLOT (1) =EVMINXCFHI
YPLOT(1)=YYMAX (M) -EVMINXSFHI
XPLOT (2)=EVMAXXCPHI

YFLOT (2)=YYMAX (M) ~-EVMAX ¥SFH1I
XPLOT (32)=PLTGRL (NGL!) +EVMAXXCFPHI
YPLOT (3)=YPLOT (2)

XPLOT (4) =PLTGRD (NGL) +EVMINXCFHI
YPLOT (4)=YPLOT (1)

XFLOT (S)=XFLOT (1)
YPLOT(S)=YPLOT (1)
XPLOT (6) =XFLOT (5)
YFLOT(&6)=YYMIN(M) -EVMINXSFHI
XPLOT (7)=XPLOT (4)

YPLOT (7)=YPLOT (&)
XPLOT(8)=XPLOT ()

YPLOT (8)=YYMIN(M)-EVMAXXSPHI
XFPLOT (9)=XPLOT(2)

YPLOT (9)=YPLOT (8)
XPLOT(10)=XPLOT (&)

YPLOT (10)=YPLOT (6)

XPLOT (11)Y=XPLOT (7)
YPLOT(11)=YPLOT(7)

T XPLOT (12)=XPLDT (4)

YPLOT (12)=YFLOT (&)
XPLOT (132)=XFLOT (2)
YPLOT(12)=YFLOT (2)
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XFLOT (14)=XFLOT(8)

YFLOT (14)=YFLOT (8)

XFPLOT (15)=XFPLOT ()
YRLOT(15)=YPLOT {(9)

XPLOT (16)=XFLOT (&)

YPLOT (16)=YFLOT(6)

Lo 8900 11=1.16
IF(XFLOT(II).GT.XMAX) XFLOT(II)=XMAX
IF(XPLOT(IT).LT.XMINY XPLOT(II)=XMIN
IF(YFLOT(II).GT.YMAX) YPLOT(II)=YMAX
IF(YPLOT(II).LT.YMIN) YPLOT(II)=YMIN
CONTINUE

CALL PLOTL(XFLOT,YPLOT.16,' ...%.")
Jsrarh=m+1

call srafit(4,otare-buffer,disrarh)
continue

call srafit(9,otare.-buffer,titend)
stor

end
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c

. subrouvtine bec(ibndry)

t. c IMPLICIT REALX8(A-H,0-2)
d

’ c
FARAMETER(NF = 221,

3 2 nesr= 1,

. 3 nsir= |1,

4 ndir= 1,
’ 5 ntirp= 4,
[ nsdr=101,
7 nmar=nr—2,nmir=nr=1-nFrliFr=nr+l, nr2r=nr+2,
- 7 negsar=nesrXnesr, ner=4Xnesr+l,
- 3 maxF=nearinedr.nsar=16knr2r>nalr=7%knessar,
4 nem2Fr=nearXnr2r, nCM3F=neassFXnr2r,
} @ S ndm23Fr=3XnearF, ndmIIFr=3Xneassr)
c
c
common/baksub/aa (hdm22F > ndm22F)
common/esnvcs/esvs(nr2r:near),usi(ndm2r) ,wa (ndm2f)
common/bhdvcds/becl (3rnesr).ber(3>near)

_'? common/matrix/ a(nr2F,ne|Fr,nNesF),

. 1 b(rF2FsNneaFr, Ne]F) »

X 2 c(RF2F>Ne]F s NE]F)

¥ common/tnsfrm/ ar(nr2F,near,near), ai(nr2r,near,nesr),

8 1 br(nr2Frsnear,nesar), bi(nerZrsnear,nesr),

. 2 - Cer(nF2P> ne]FNESF) s CL(NMF2FNERF, NERF)

o 3 ars{nr2r NesFr,Near),2is(NF2Fr»Ne]F NE]F) .,
4 bre(nr2F.near, nesr) . bis{(nr2r>near, neqar),
- crsi(nr2rsnesr,nesr)cis(nr2r-.neldr, nesr)

y common/sFrvals/Fhi (maxr),srvals(nsdr.nFr2F)

x common/srids/ned:xl.xrsrhysrdinrd).rlterd(nsdr)
common/intser/neda,neass, ndm2, nom3, ndm23, ndm33-max, itrmax

@ c i

A COMPLEX ev,evold,esvs,usi,cmxe.aasal,rhi

- COMPLEX asb.c.det.detnrm
COMPLEX bcl.bcrsznorm

c
c

T

" common/ncl/nm2-nmi.nsnrl.ne2

- common/rcl/r(nf)»rninF)
common/sacl/sai{nsar)
common/FhiQO1/¢0L (np) /rhiQ2/r02(ne) /RNi0O3/7p03 (nir)

A common/Fhill/rll(np) /rhil2/r12¢(nr) /phil3/r132(nF)

P common/Fhi21/r21Cnr) /7Phi22/r22(nr) /rhi23/r23(NF)
: common/fFhiil/ril(ne) /Fhii2/FPi2(nF) .
common/rhii3/ei3(ne) /Frhiid/Frid (ne)

" common/rhid/e(nr2e) /rhiS/f(nr2r)
common/bndvls/bcOr,bcOFl,beclirlbclr-bclbcO
common/errcl/err (nr2Fr)

” common/serrcl/amxerl,amxerz2, ermax

O common/duml/dl(nr2Fr) /0um2/d2(ne2F)

) c

g ¢ commons for srline intesrals

o Cc

Y CHHE® scsi(nr2,1).dsi(nPr2,7,.d)stsi(nFr2,49,k)

" cH##% i=number of sinsle intesrals

'G'c#### Ji=number of double inteerals

. cHiB® k=rumber of trirle intesrals
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] '-0,,1
c e
common/ssicl/ssi(nelr,nsiF) S
common/dsicl/dsi(nFr2Fr,7->ndif) ]
common/tsicl/tsi(nr2r.49:ntir) Tl
c Ly

) common/nssiF/nsi.nsd (nsifF).nsv(2.nsiF) L
common/ndsir/ndi,ndd (ndir)ndv{(4,ndiF) e
common/ntsir/nti.ntidntir).ntv(&,ntir) ;_1
c T
eauvivalence (s5a,5a3) E
dimension sa2(4,4,nr2F) ]

c L
@ ol
. d
c setur btoundarvy conditions R
c <o

c ibndry = 1 left bhboundarv caondition R
c ibrndry = 2 risht boundarvy condition i:
o ° @Y
COMFLEX tembc(3).srftrm C

index = (ibndrv—-1)Xnrlknes T

c

geli = 1./ (xr-x1) E
c )

do 90 i=1l,ne~x
g0 to (10,.20) ibndrvy

10 continve -
do 11 .i=1,3 .
tembc(i) = becl(i,i) -
® 11 continue bt
so to 30 -
20 continue ;
do 21 .i=1,3
tembc(d) = becr(i,i) e
21 continue . -
a 30 continue

t1
t2

t3

ABS (tembc (1)) -
ABS (tembc (2)) . e
AEBES (tembc (3)) e

LI |

e if(tl.ne.0..or.t2.ne.0.) s0 to 40 T
Frint 100

WRITE(3, 100)

stor 300 -

40 if(tl.ne.0..0r.t3.ne.0.) 80 to 41 :
* so to 90 B

41 if(t2.ne.0..0r.t3.ne.0.) so to 42
do S0 k=1, rndm2
aal{index+i.k) = (0.,0.)
S0 continue -
P aa(index+i,index+i) = (1,,0.) -®
so to 90

42 if(t1.ne.0.) so to 43 o
print 101 -7
WRITE(3,101) - -

P stor 301

if(t2.ne.0.) s0 to 44




Fraint 102
WRITE(3,102)
stor 302

44 if(t3.ne.0.) ao to 45
g0 to (61,62) ibndry
61 continue
srftrm = —deli%al 1-1,1) XbkcOX¥3xtembc (1) /tembc (2
20 to 63
62 continue
serftrm = delika(nr2,1i,1)Xbcl%x%k3xtembc (1) /tembc (2)
632 continue
galindex+i,index+i) = aa{index+i,index+i) + srftrm
sg to 90

45 continue
Frint 104
WRITE(3, 104)
stor 304

90 continue

100 format (1x,
101 format(ix,
102 format (ix.,
103 format (1x,
104 format(ix,

stor 300 imrrorer boundary conditions imrosed’)

stor 301 boundarvy conditions not vet imrlemented’)
stor 30Z tboundary conditions not vet imrlemented’)
stor 302 boundaryvy conditions not vet imrlemented’)
stor 304 boundary conditions not vet imrlemented’)

- e % e o~

[
return
end -
COMPLEX function cevalf(evtril,fcn)
C IMPLICIT REALX8B(A-H,0-2)
cCX¥¥XX written by 4. c. macmahon univ. of texas at auvstin oct 1973
cXxxXkmodified by we h. miner vniv. of texas at austin Jun 1976

cxxX¥¥¥modified by a. a. mondelli science arrlications, imc. mar 1981
CEXXXXXXXKXXEX Oct 26 —— 2.9

CEXXXXKXXERXX oct 23 —— mate with fcn fFks

c
external fcn

c
common/cevlfl/dxi,ftest,.dftest.dxtstl,.dxtstl,tster,tauad
common/cevlf2/imax,ieval.kev,ister,.istart
common/cevif3/f1,x1

3
COMPLEX dxl,xa(2),eviril.fcn
COMPLEX x0O,x1,x2
COMPLEX fO,f1,f2
COMPLEX a0,al,a2
COMPLEX a.t.c.d.df.x

c

data dxl,ftest,dftest,dxtstl.dxtst2,tster,tauad.imax/
1 (.001,0.),1.¢-08,1.e~09,1.e-0851.,.2,.02,15/

HEHHHRERBHHHED BB HBHEHHHBR UL BB HEH H B HAH G4 IR H S AR HUH R H R R G HE S

dx1 initial ster

ftest tolerance on fcn

dftest minimum df (iexit=%5)

dxtstl allowed estimated error in ev
dxtset2 maximum dx (ievit=4)

tster defines 'small’ ster

tauvad test for reiabbiorinz root
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c imax maximum number of calls to fcn

C
CRHEHHBHHBHUHHBHHUHRHHH AU HRE BB HHEU B U HBH SRR HH GBS UH A H B S
c

root solver modified to restrict search to REAL ROOTS ONLY

data ersil/ l.e-16 /
data Jstart/0/

OX1R=MIN(REAL (DX1) . ARS (REAL (EVTRIL) /10.))
TQUALI=OX1RX %2

DX1=CMFLX (DX1R,0.) .
ODXTST1=0X1R%¥%x2/1000000.
DXTST2=0OX1R*%2%100.

DFTEST=FTEST/DX1RXX2

WRITE(3,1)
1 format(/’ i-. evr.evi, absa(fcn),. kode'/)

c kxkkk¥xxxset ur for first iteration
2 ister=—-1
x2=evtiril
ieval=0
kevy=0
so to 10

c ¥kk¥xkxtest ieval., dx
if{ieval.se.imax)so to 99
i1f(ister.ea.0)s80 to &

4

d=x—-xZz
t=REAL (d) X%X2 + AIMAG(d) ¥x%x2
if(t.lt.dxtstl) so to 110
i if(t.at.dxtst2) so to 120
c Xxxxxxxshift rrevious values
6 f0=f1
fl=f2
®O=x1
®1=x2
c XkX¥new x-values
R2=%
c Xkxx¥new value of fcn
10 ieval=ieval+l
f2=fcn{x2)
c kXXkXX¥kX%¥ test for conversence
af2s=REAL (T2)X%x2 + AIMAG(f2)%xx2

WRITE(3,11)ieval,x2,afls,ister
11 format(1x,i3,2e13.5,5%,€10.251%,14)

14 if(afls,.1lt,ftest) ao to 100
c ¥Xkkkx test for mode of next ster
if(ister)20,40,15

15 if(t.1lt.tster) so to 40
c XXXXkXk%X% first ster, or frevious ster larse, take new ster dxi
20 if(istart.es.1)s0 to 25 .
X=x2+dx1
ister=0
g0 to O
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40
41

----------------------

Jetart=0
ister=0

gf=(f2-f1)/ (x2-x1)
t=REAL (gf) ¥%2 +AIMAG(df) XX2
if(t.lt.dftest) =so to 130

K=, SR (x1+x2=-(T1+F2) /df)
if(ister.se,.1)80 ta SO
ister=ister+l

=

go to S

$Xx%k%kX% asuadratic extrarolation from roints K02 x14x2
a0=f0/ ( (x0—x1) ¥ (x0—-x2))
al=Ff1/¢((x1-x2) ¥ (x1=-x0))?
a2=Ff27 ( (x2-x0) X (x2-x1))

a=aQ+al+a2

istesr=0

t=REAL (a) XX2 + AIMAG(a) X%2
if(t.lt.ersi2)so to 40

p=a0K (xK1+x2) +al1X(x2+x0) +alZ¥k(xO+x1)
b=-b
c=a0Xx1Xx2 +alkx2xx0 +a2¥x0%kxl

d=SORT (bX%2-4,0%a%c)

xa(1)=(~b+d) /(2. %3)
xa(2)=(—-b—-0g)/ (2.%a)
xarli=real (xa(1))
xar2=real (x2(2))
xa{1l)=cmrlx(xarl,0,)
xa(2)=cmrlx{xar2,0.)

d=xa(1)-x

t=REAL (d) X%2 + AIMAG(Q) ¥%2
d=xa(2)-x

t1=REAL (d) xx2 + AIMAG(d) xx2
i=1

if(tl.st.t)so to S5

i=2

t=t1

df=2.%akxa(i) +b

x=xa (i)

jster=1+i

d=xa{1)-xa(2)

t1=REAL (d)X%x2 + AIMAG(d) ¥x2
if(tl.st.tauad)so to 60

WRITE(&6>66) %xa(3-1)
WRITE (3,66) XQ(3-1)
ister=3+i

60 if(t.1lt.dxtstl) so to 110

so to S
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99

100

112

110

KXxkk%¥¥% ieval . st. imax————-— exit
kev=4
Jexit=6
XXXXXX conversence
cevalf=x2
write(b,112) ieval.x2:ister,kev,dexit
write(3,112) ieval:n2sister,keyv,dexit
format(i1x,i13,"' conversed root=',2¢13.5,
. ' ister.kev,dexit= ',315/)
return

¥XkXXXX frroblems
kev=1

if(ister.lt.1)s80 to 200
cevalf=x
WRITE(6.111)ieval.x-ister
WRITE(3,111) IEVAL, X, ISTEF

return
format(1x,i3,2e€13.5,’ del x .1t. dxtstl’,1i4)
key=2
so to 200
hevy=3
go to 200
kevy=S
so to 200
WRITE(6,201)key
WRITE(3,201) KEY
dexit=kev+2
if{kev.es.5) so to0 S
so to 100
format(ix,’' rroblem kev=',13)
end
COMPLEX function fcn(ev)
IMPLICIT REALXB(A-H,0-2)
PARAMETER(NF = 221,
2 ne|sr=s 1,
3 nsirFr= 1,
4 ndir= 1,
S ntir= 4,
é nsdr=101,
7 nm2r=ner=2,rmlr=nr=1,nPlr=nr+i, nPrZ2r=nr+2,
7 neassr=nearknesr,ner=4Xnesr+l,
3 maxr=nearXnsdr, nsar=16XnP2F nalr=7kneasap,
4 nom2r=nearXnPr2Fr. nOM3Fr=neassrine2r,
S ndml3Fr=3%knear, ndm33pr=3¥neasar)
common/baksub/aa (ndm2r, nom2p)
common/esnvecs/esvs (nr2rsnear),usli (ndm2f) »wa (ndm2¢)
common/bdvycds/becl (3. near)btcr(3:near)
common/matrix/ a(nr2r>ne/F>nesr),
1 b(nr2e,near,near),
2 c(nr2rynear, nesr)

common/trnsfrm/ ar(ner2p,near,neqr)s ali(neZr,near,nesr),
1 br(nr2rsnear,near), bi(nr2e,ne]Fr,nE]F),
2 crinrPr2r.near,nesr), ci(nr2p,near,r&ar),
3 ars(nr2r,ne’frsnesr)r,ais(nr2r,ynear,nesr),
4 bre(rnr2r,near,near)bic (RP2FP>near,near)




L — - - - - - Ead
1% 59 2 SAopA N A SN S S O S DM R R S R U O

"

N

cHi##
cHidh
cHHHH
cHisi

c

c

crs(nr2F»nesFsNesF)»Cis(nr2F, Ne]F, nesF)
common/srvals/Fhi (maxr),srvals{nsdr, nr2f)
common/srids/nsd,xl:xr,rhysrd(ne),rltesrd(nade)
common/inteer/nea,neass: ndmZ. ndm3, ndm23, ndm33-max, itrmax
COMMON/ESTORE/EVSTORE

COMFLEX ev.evold.eavs,usi,cmxesaa-.alsrhi
COMFLEX a,b,c.det,detnrm
COMFLEX bcl.tbcrsznorm, EVSTORE

common/ncl/nm2>nml.nsnel,nFr2
common/rcl/rinF)rrni{nf)

common/sacl/sa{nsar)

common/FrhiQ1/r01(nF) /FrhiQ2/Fr02(nF) /Fhi03/F03(nF)
common/Fhill/Fr1l(nr) /Frhil2/F12(ne)/Fhil3/F13(nr)
common/rFrhi21/r21(nP) /Fhi22/r22(nP) /FhKi23/¢23{(ner)
common/rhiil/Fril(ne) /Fhii2/ei2 (nF)
common/Phii3/Fi3(nr) /Frhiid/Frid (niF)
common/Frhid/e(ner) /rhiS/f (nF2F)
common/bndvls/bcOFr,bcOrLsbcipPlbeclirsbecl bcQ
common/errcl/err{(nr2r)
common/serrcl/amxerli.amxers, ermax
common/duml/dl(nr2r)/dum2/82(nr2F)

commons for srline intearals

ssi(nr2,i)sdsi(nr2,77,d)t81(nFr2,49,4)
i=number of sinsle intesrals
Ji=number of doubkle intesrals
k=number of trirle intesrals

common/ssicl/ssi(nr2Fr.nsir)
common/dsicl/dsi(nr2fr,7>ndiFr)
common/tsicl/tsi(nr2Fr,49ntir)

common/nssir/nsi-nsd (nsir)snsv(2-nsiF)
common/ndsir/ndindd (ndir),,ndv(4,ndir)
common/ntsir/ntisnti(nticr).ntv(bsntir)

eauivalence (sa.sal)
dimension 2a3(4,4,nFr22F)

common/loeicl/lintal,ldtnrm,lrerdr
losical lintal,ldtnrmslrerdr

dimension frrntl (4)
data Frntl/’ coe’,’'ff m’'>’atri’,’'x 4
COMPLEX temr

common/time/t
data immax/1/

if(.not.lintal) so to 31

c~-——initialize values.

c

c

[

.

T=GETIME (dum)
call matrix(ev)

T=GETIME (dum)~-%
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Frint 9204, 1%
WRITE(3,504) T
d
del=xr—-xl -
deli=1./del

) delli=deli¥deli
amxerr=,09 .
amxer2=.4 N

C [ -

c o

Frint 100,x1,xr Fj;

100 format(ix,’values inmitialized x1=',el2.5,’ xr=’',¢€el2.59) . ij

c o

c~--chose srid. o)

call srid(r.1) R

C .
C———— setur erid for fFlots -

o @
do 50 i=1,nsd Se
Flterd(i)=(i-1.0)/{(nsd-1.0) N

50 continue N
Frint 102 R
® WRITE(3,102) C”
102 format(ix,’'srid chosen’) N
Frint 101, (r(i),i=1,n) -
WRITE(3,101) (R(I),I=1,.N) o
101 format(1x,el15.7) -
c - -
c———set ur srlines. - »

o call bsrlcf i

c o
do 950 i=1.4 &ﬁ
do 950 .J=1.4 -~
WRITE(3,210) (sa83(i.dk).k=1.nr2) e

950 continue -
® c 7e
T=GETIME (dum) -t o
Frint 901,t . o
WRITE(3.901) T T

c N

c--——comrute intesrals. kN

& call orset k-_._

c
T=GETIME (dum)~t e
Frint 902,% s
WRITE(3,902) T ;

c 3

® c-—-—set ur decomroser.
call deset (0)

c
WRITE(3,198) o
WRITE(3,199) bcO,bcOr,bcOPL,,bclrl.boclr.bcl A

198 format(1lx,'’ srline boundarv values') e
® C :,

) T=GETIME (dum) ~% R
Frint 903,¢ -
WRITE(3,903) T .

c .

31 continue

c

o temp=(1.,0.)




94

104

93

106

42

11

initialize eisenvectors —————————w-—-

do 92 i=1,.ndm2
usi(i) =(1.,0.)

* continue

Frint 105

WRITE(3,105)

format(1x,’'initial eisenvectors’)
WRITE(2,104) (USIC(I),I=1,NDM2)
continue

format (1x-.2e12.5)

-initiglize error vector————————
do 93 i=1.n

err(i)=0,

continue

WRITE(3,106) )
format(ix,’error vector'’)
WRITE(3,101) (err(i),i=1.n)

calculate matrix elements ————=———e—-—
im=1

continue
————— store rhysical mesh ———e——e——

do 42 i=1.n
rhyvsrd(i)=r (1) Xdel+xl
continue

call matrix(ev)

T=GETIME (dum) ~t
Frint 904,1%
WRITE(3,904) T

do 11 i=l.n

do 11 J=1,nes

do 11 k=1,nes

ar{i,Jd,k)= REAL(a(i,Jd.k))
ai(i,Jd>k)=AIMAG(a(i-dsk))
br(i,disk)= REAL(b(i>Jdsk))
bi(idk)=AIMAG(b(i>d k))
cr({i,d,k)= REAL(c(i-rdsk))
ci(i, i »k)=AIMAG(c(i,.disk))

continue

setur matrix elements in srlines

do 22 i=1,nes
do 21 k=1,nex
call) dersear(i,i»k)>ars(l,1i.k))
call derse(ai(l,i>k),ais(1,i,k))
call derse(br(l,isk)abra(l,3i:%))
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---------------

call derse(bi(lsisk)>bis(l,1,k))
call derselcr{l-i-k)acrsl{l,i.k))
call derse(ci(l,i>k)>cis(l,isk))
21 continue
22 continve

c
do 190 k=1,nex
do 1920 J=1,ne~x
do 191 i=1.n
WRITE(3,199) ar(i.d-»k)sailisd-k)» °
1 br(isd k) bitiadsk), -
1 Cr(isdak)rci(isdsk) ‘@]
1?91 continue -
c . o
do 192 i=1,nr2 -
WRITE(3,199) ars{i.d-k)sais(irisk), o
1 brs€isdsk)obisCisdsk), ]
1 cmsisdsk)srcis(idabk) ’
192 continue ) “
190 continue -
199 format (1x,6€e12.5) g
c "
c :f
T=GETIME (dum) -t =
Frint 205, ¢t B
WRITE(3.905) T
C
if(.not.lintal) so to 81
c
if(.not.lrerdr) ao to 89
c B
¢~—-=——calculate new arid if necessary——————--- -
c N
if(im.se.immax) so to 85 -

do B2 i=l,nea
call srlerr(ars(i,i,id)-err)
call srlerr(ais(i,i,i),err)
call srlerr(brs(l,i,id),err)
call srlerr(bis(l,i.id),err)
call srlerr(crs(isi,id)-err)
call srlerr(cis(l,i>i)->err)

82 continue
WRITE (3,6000) (err{mm).mm=1,n)
isrid=2

if(im.ne.0) isrid=3 e
call srid(err,isrid) A
call rmovelerr) o
call bsrlcf ®

call deset(0)

im=im+l1

WRITE(3,-6000) (r{mm).mm=1.n)
6000 format(lx,10e12.3)

iftim.lt.immax) so to 83

s f

N Y S B
PRAP L
LR 't

g 2 —————— end of knot adiustment--—————e——-- <
‘ 85 continue 5
E ----- calculate intesrals—————————- %

'¢; ‘ call sfeval -
c

......................................
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T=GETIME (dum) -t
Frint 906,t
WRITE(3,906) T

setur srline values for reconstruction
do 41 .i=1,nr2

call srvl(i.pltesrd{(l),srvals(l,i),nsd)
continue

lintal=.false.

continue

do 27 k=1i.nes

do 27 Jd=1l,ne=

do 27 i=1,ne2
alisJd,K)=DCMPLX(ars(i>d-k)a.ai8(isd-k))
b{i.Jd,k)=DCMPLX(brs(i,d-k).bis(i,id,k))
c(i»d-»k)=DCMPLX(crs(i>d>k)scis(isdsk))
continue

call setbclev)

zero coefficient matrix before each iteration

do 70 i=1,ndm2
do 70 J=1,ndm2
aalisd) = (0..,0.)
continue

do 23 k=1l,n¢2

imin=max0(k-3,1)
imax=minO(k+3, nr2)
do 26 i=imin,imax
il=i-k+4
dimin=max0(1l, k=3)
Jmax=minO(nr2, k+3)
do 20 1=1,nes

do 20 m=1,nenx

do 24 s=Jimin.Jmax
J1=i-Kk+4
i2=il+7%(.1-1)




indr = (k=1)%Xrnea + 1

indec = (i-1)Xnea + m

aa(indr,indc) = aa(indr,indc)
1 - delliXa (i l-m Kk (tsi (k12510481 (k>12.3))
2 + deli¥b(il.m¥% tei(k,i2,3)
=]

+ clis>1l-m)¥ tsi(k,iZ,4)
24 continue .
20 continve
26 continue .

setur boundary conditions

()
if(k.ne.l.and.k.ne.nr2) so to 71 L
if(k.ne.1) so to 72 --Z'_1
call bec(1) =

so to 71
72 continue

call bc(2)
71 continue
23 continve

if{.not.ldtnrm) call setnrm

if(ldtnrm) eo0 to 970
call rrrt(rrntl,aa-,2%Xndm2, ndm2, 1, 2¥ndm2, 1, nodm2)
970 continue

call matnrm
call leatlc(az,ndm2,ndm2,esvs-1l.ndm2,1,wa-det-ier)

if(ldtnrm) so to 980
call rrnti{rrntl.aa,2%ndm2, ndm2, 1, 2%ndm2, 1, nom2)
980 continue

temr = det

normalization of determinant

if{.not.ldtnrm) sa to 90
tempr=temr/detnrm
so to 91

90 continue
detnrm=temr
ldtnrm=.trve.

91 continue
nevss=2
#rint 700.ev. temr ]
WRITE(3,700) EV,TEMP

700 format(ix,’ev asuess=’',2(el15.8,2x),'det=',2(el5.8,2x))

fcn=temp

EVSTORE=EV
900 format(ix,’ call to arid comrlete 'H1rell.5) B
901 format(ix,’ call to bsrlcf comrlete ’',1rel2.5) q
902 format(ix,’ call to orset comrlete ',1lrelZ.5) "3
203 format(lx,’ call to deset comrlete ',1Pel2.5) -
904 format(ix.' call to matrix comrlete ’',1relZ.5) o
905 format(lx»,’ call to derse comrlete ’,1rel2.5) -
Q06 format(ix,' call to sfeval comrlete ’,1rel22.5) \ﬁ
210 format(1x,13e¢10,2) .u

return -~

end :
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subroutine matnrm
IMPLICIT REALX¥8(A-H,0-2)

FARAMETER (NF 21,

near 1,

1,

1,

4,
nsgrF=101,
nm2r=nr—2snmir=nr=1l.nrir=nr+l: nr2r=nr+2,
neassF=nesrinesr, ner=4Xnesr+i,
maxF=nesrinsdr,nsar=16Xnr2r.nalr=7¥neasar,
nom2r=nesrXnr2r, ndm3r=neasarXne2F.,
ndm23r=3knear, nomI3r=3%kneassr)

common/taksub/aa3{ndm2F, ndmlr)
common/esnvecs/esvs(nr2r,near)>usi(ndm2r) swa {(ndm2r)
common/bdvcds/becl (3>nesr)-ber (3, nesr)
common/matrix/ a(nr2r:ne]’F,nesr),
b(rnrFZ2P,Nne|Fr>Nesr)
c{nF2F,NE]F»NESF)
common/tnsfrm/ ar{nr2r,near,near), ai(nr2rsnear,nesr),
br{nr2r,nesr,near), bi(nr2F,near>nesFr).,
cr(nr2FsNe]F>NeaF)s Ci(nr2F,near, nesr),
ars{nr2r nesr,near)ais(nE2f, nesr, near)
bre(nr2Fr,nesrsnear) bis(nr2Frsnear.ness)
Crs{nF2F>NEe’F»MeaF ) Cis(NFr2FyNE’F>NE]F)
common/srvals/Fhi(maxr),srvals{nsdr.nr2r)
common/srids/nsdsxl.xryFrhysrd(nr)rlterd(nede)
common/intser/neasneasa,ndm2, ndm3> ném23>» nom33-max.itrmax

COMPLEX ev.evold-esvs,ugiscmxe.aasalsrhi
COMFPLEX asb.c,det,detnrm
COMPLEX bcl.becrsznorm

do 10 i=1,nom2

do 10 .i=1,ndm2

aaf(d»i) = aa(di.i)Xanormi
continue

return

entry setnrm

anorm = ARS(aa (5,5))
PRINT 2000

WRITE (3,9000)
FORMAT (1X, 'ENTER NORMALIZATION FACTOR — SETNRM’)
REALD (S, x) FACNORM

WRITE (6, %) FACNORM
WRITE (3, x) FACNORM
ANORM=ANORMXFACNORM
anormi = 1./anorm
return

end

subiroutine matrix(ev)
IMPLICIT REALX8(A-H,0-2)

FPARAMETER (NP




n

nsirF= 1,
ndir= 1,
ntir= 4,
nsdr=101,

nm2F=nFr~2Z> nmlr=nrF—=1,nFrlF=rnr+l. nrFZF=NE+2,
nelssr=nesrinesr, ner=4Xnesr+1,
maXF=nearXnsdr, nsar=16Xnr2F,naler=7XneassF,
ndml2r=nesrknr2Fr, ndm3Fr=necssrXnr2F,
negm23r=3¥nesr, ndmI3F=3Kkneassr)

MPINNOCU LW

DIMENSION BTH(NF2ZF) . FRESS (NF2F) - RHO (NF2F) ,
X XNU (NF2F) » VAINFZF) , CS (NF2P) , AAAA (NF2FP) . CCCC (NF2P) »
¥ ALPHA (NF2P) , QQ (NF2F)  ALFHF (NF2F) ,
X ALPHR(NF2ZP) , ALFPHI (NFP2F) , ALPHRS (NF2F) . ALPHIS (NF2F) »
X ALFHRF (NF2F) s ALFHIF (NF2F)
DIMENSION FFF (NF2F).FFR(NF2F) .FFI (NF2F),FFRS(NF2F) ,FFIS (NF2F),
X FFRF (NF2F) ,FFIF (NF2F) . FFF (NP2F)
DIMENSION GGG (NF2P) ., GGSFL (NF2F) , GGF (NF2F)
common/baksub/aa (ndm2F . ndm22F)
common/esnvcs/esvs (NF2Fnear)»usi (ndm2f) »wa (ndm2¢ )
common/bdvcds/bcl (3, nedar) ber {3, near)
common/matrix/ afl(nr2r.nesr,nesr).
b(nr2Fr nesr,nesr),
C(nrlFr, NesFr,nesF)
common/tnsfrm/ ar(nr2Fr,Nedr,near)s ai(NFZ2F»NE]RFNE]F)
br{nr2Frsnesr,nesr), bi(nr2r.nesF,nesr),
cr(nr2r+Ne]Fr, NE]F)y Ci(NF2F,nNess,near),
ars(nr2rFr.Near . nNesF),231is{NF2F 1 NE]F > NE]F) »
brs({nr2r,nesr,nesr) bis(nr2F, near, nesr),
crs{nr2Fr, Nne]F,nesar).Ccis(nr2r.nesr, NneaF)
common/srvals/rhi (maxr),sevals(nede, ner2r)
common/srids/nsd)xl,xrsFrhysrd{nr)srlterd(nsdr)
commoen/inteer/nessneasa,ndm2, ndm3, ndm23, ndm33.max, itrmax

-

oW~

COMFLEX ev-evold.esvs,usi,cmxe-aa-.al.rhi

COMPLEX a.b,c,det.detnrm,deval

COMFLEX bcl.bcr.znorm

COMFLEX AAA.CCC.,AARRA,CCCC,FFF,ALFHA, QQ,FFP, ALFHP

common/ncl/mm2 rmi>nsnrlsnel
common/rcl/r(ne)srni{ng)

common/sacl/sa(nsar)

common/FhiO1/pr01(ne) /ehi02/Fr02¢(nr) /Fhi03/¢ 03 (nF)
common/Frhill/rllinr) /Frhil2/F12(Rr) /Frhil3/e13(nF)
common/Fhi21/e21(nr) /Ehi22/e22(ne) /Fhi23/k23 ()
common/Fhiil/ril(ne)/ehii2/ci22(nr)
common/Frhii3/Pi3(ne) /Frhiid/rid (nF)
common/rhid/e(nrl2r) /FhiS/f (ne2¢)
common/tndvlis/becOrs bcOrlbeclrlsbecir,becl,bcO
common/errcl/err(nr2r)
common/serrcl/amxerl.amxer?,ermax
common/duml/di(nr2r) /dum2/d2(nr2¢)
common/coefl/deval.neval

commons for srline intesrals

ssi(ne2,i)sdsi(nr2,7,40) - tsi(nr2,49,k)
i=rnumber of sinele intesrals
J=number of double intesrals
k=number of trirle intearals

.

Sele T L sy e
f P .
. AN

L T W

«
L B

2

L2l




¥ - s e LAY Fe e w S Ve e . A R i . R,
(A RN AR AL ST ST AL IR A BV A R I U I N S e i e e Lt | P e e R T

common/ssicl/ssi(nr2Fr.nsir)
common/dsicl/dsi(nrlFr:7»ndiF)
common/tsicl/tsinr2Fr.49-nt1F)

N | common/nesir/nsi.nsd(nsir).nsv(2,nsir) o
common/ndsir/ndi,ndd (ndir).ndvid4.ndir)
common/ntsir/nti,nti(ntir).ntv(b.ntiFr)

esvivalence (sa,5a3) _
dimension s5a32(4,4,nr2¢) -

losical lintl
dimension ibcl(near),ibcr(nesr)
COMFLEX evsues,ca
data lintl/.true./

. data xl,xr/0.,1./

r DATA GAMMA/ 1. 66667/, ITRMAX/ 1/
data ibcl,ibcr/nesrXl,nearXl/

, DATA AWALL/1./:XM0/1.286637E~6/

COMFLEX a,arsarss,ssart

the choices of boundary conditions are?
derivative 0

function 0

w. k. b.

ibeclsiber

s

now
P = O

SRR

nMN N NN NN

e
.

if (lintl) so to 1
@ CxxxxxCALCULATION OF COEFFICIENTS
PHYGRD (1) =1.E-S
VA (1) =VA(2) XFHYGRD (1) /FPHYGRD (2) o
0o 210 I=1.N -
RR=FPHYGRD (1) .
CS2=CS(I) x%2 >
® VA2=VA (1) xx2
AAA=VAX (XM/RR) XX2~-EV ' o
. CCC=CS2%AAA-EVXVA2 <
AAAA (1) =AAA )
X Cccc (1) =cce -
*  CXXXX¥XLAMEDA11/LAMBDAL12 CALCULATION -
[ A FFF(I)=-RHO(I) /RR% (CCC+2. XEVXCS2) XAAA
X ./ (EVXEV+CCCX (XK XXK+ (XM/RR) XX2) )
Cxxxxx (Px)’' /R CALCULATION

Ll T N ¥

GGG (I)=RHO (1) XVAZ/RRXX2 'q
CXXxXXXCALCULATION OF ALPHA "
ALFHA (1) =RHO (1) XRRXAAAXCCC/ (EVXEV "
x +CCCK (XKKXIC+ (XM/RR) KX2) ) °
210  CONTINUE 2
DO 215 I=1,N =
FFR(1)=REAL (FFF (1)) N
FFI(1)=AIMAG(FFF (1)) <
ALPHR (1) =REAL (ALFHA (1)) »
ALPHI (1) =ATMAG (ALPHA (1)) ®
215  CONTINUE 5
CEXXXX -
CALL DEFSE(FFR(1),FFRS (1)) o
CALL REFSP (FFRS(1),FFRFP (1)) -
CALL DEPSE(FFI(1),FFIS(1)) -

CALL REFSFP(FFIS(1),FFIF(1))

" CAEARX
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CXXXXxx

Cexkxx

me e
sand)

CXxXxxx

X

220

CXXXXX

+J

10

30

CALL REPSF(GGSFL (1) .,GGFR (1))

CALL DEFSE (ALPHR (1) ,ALLFHRS (1))
CALL REFSF (ALFHRS (1), ALFHRF (1))
CALL DEFSE (ALFHI{1).ALFHIS (1))
CALL REPSF (ALFHIS (1), ALFHIF (1))

ng 255 I=1.N

FFF(I)=CMPLX(FFRF (I).FFIF(I))%OELI

GGF (1) =GGF (1) %xDELI

ALFHF (1) =CMPLX (ALFHRF (I) . ALFHIF (1)) ¥DEL I

0o 220 I=1,N

RR=PHYGRDI(I)

CS2=CS(I) *xx2

VAZ=VA(T) xx2

ARA=AARA(I)

CCC=CceCc I

QR(I)=RR¥ (FFF (1) %Z. /RR¥ (1. +EV¥CS52/CCDC)

+RRAGGF (1) +RHO (1) X (4. %¥VAZX (1,
+EVXCS2/CCC) /RRE¥X2-AAA)+FFF (1))

CONTINUE

do 2 1=1,n

x = Fhssrd(i)

a(i>1,1) = ALFHA(I)

b(is1,1) = ALFHFP (1)

cl(i,1,1) = QQ(I)

continue

return

entry sethc (ev)
do 90 i=1,nea
ibrnch = ibecl (i) + 1§

so to (10,20,30) ibrnch
continue

bcl(l,1i) = (0.-0.)
bcl(2,1i) = (1.,0.)
bcl(2,1) = (0..0.)
so to 90

continue

bcl(l,1) = (1.-.0.)
becl(2,1) = (0.-,0.)
kcl(3,1i) = (0.,0.)
g0 to 90

continue .

a = cf{l,i,1)%kbcO

aFr = (C{l,i,1)%kbcOr+c(2,1,1)%bcOFr1)Xdeli

arse = 9§

if (REAL (3rsqa).1le.0..and.AIMAG(arss).9t.0.) arasa=conds(arss)
asqrt = SOQRT(arsa)

if(REAL(s).1t.0..2nd.AIMAG(R).&8.0.) asart = —qsart
bcl(l,i) ==,25%ap/a+(0.,1.) Xasart

bel(2,1i) = NCMPLX(1..0.)

bcl(3,1i) = (0.,0.)

continue .

do 92 i=l.nes
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hand
-

)
r)

Cx%kxx

800
CXXkX

itrnch = ibcecr (i) + 1§

so to (12,.22.32) itrnch
continue

ber(1,1) = (0.,0.)
ber(2,1) = (1.,0.)
ber(3,1) = (0.-0.)
so to 92

continve

ber(l.1) = (1..0.)
tICI"(E': i) = (0.,0.)
ber(3.1) = (0.,0.)
eo0 to 92

continue

g = cl{nrZyi.i)%bcl

aF = {(c{nrZ->i>1)Xbclr+c(nrl.isi)Xbclrl) ¥deli
arsg = g

if(REAL (aress).le.0..and.AIMAG(arag).at.0.)

asqrt =

if(REAL (2).1t.0..and.AIMAG(8),ea.0.)

argaq=con.ds(arass)
SORT (ars=)

asqrt = —ssart

ber(l,1) =—.25%ar/a=-(0.,1.)%Xasart
ber(2,1) = DCMPLX (1.,0.)
bcr'(3, i) = (O. »0.)

continue
return
continue
WRITE (&, 1000)
WRITE (32,1000
read{(S.%X) evsues.deval-neval,xk,xm,gamma,ibcl.,ibecrsxls,xr,
. itrmax

write(b,.%X) evasues,deval.rnieval:xk,xm>.samma,ibcl,ibecrsxlsxr,
. itrmax

write(3,X%X) evsues.deval,neval,xk,xm>gamma,ibcl,ibcrsxl,xr,
. itrmax

ev = gvsues

REWIND 30

READ(20) AWALL.,ETH,RHO, PRESS.VA,CS
*NORMALIZATION

VAA=VA (N)

RHON=RHO (1)

WRITE (&6, 1001)

WRITE(3,1001)

0o 800 I=1,N

VA(I)=VA(I) /VAA

CS(I1)=CS(1) /VAA

RHO(I)=RHO(I) /RHON

WRITE(6,1002)1,.VA(L),CS(1)-RHOC(I)
WRITE(3,1002)1I,VA(I),CS(I),RHOC(I)

CONTINUE
4

deli = 1./ (xr—x%x1)

lintl=.false.

1000 format(ix, ' 'enter namelist data’/

1001

1002

¥ 33X, 'EVGUES, DEVAL, NEVAL, XK, XM>» GAMMA, IBCL» IBCR, XL, XR» ’»
X 'itrmax’/

X 33X, 'EVGUES=(OMEGAXAWALL /VAA) XXx2, Xk=K¥AWALL ")
FORMAT (32X, 'NORMALIZED EQUILIBRIUM FARAMETERS'/

X 8X5'I'510%,’VACI)’, 10X, 'CS(I) ' >9X, 'RHO(I) *)
FORMAT (3%, IS,3E15.5)

return

end

L RS e rars

-
)

9

A;'L ¥

o).

RN




al

.

.7 o]

Cm—————- eisenfunctions normalized such that the value of the ‘:;4
—

e
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subroutine nrmfcn
IMPLICIT REALX8B (A-H,0-27)

central eisenfunction is (1.,0.) at x=0.

FARAMETER(NF = 221, S
nesr= 1, _ ’i:
nsirF= 1, R
ndir= 1,
ntir= 4,
nsdr=101,
nm2r=nr=-2-nmir=nr—=1,nrir=nr+l, nF2Fr=nr+2,
nessaFr=nesriknesr,ner=4knear+l,
maxr=nearXnsdr, nsar=16%nr2r,nalr=7Xneassar,
nom2r=nesr¥Xnr2r, ndm3rFr=neassrXnr2r.
nem23r=3Xnear, ndm3IZr=3%kneasar)

common/baksub/aa (ndm2f, ndm2r)

comman/esnvcs/esvs{nF2r,near),usi (ndm2f) »wa (ndm2F)

common/bdvcds/becl (3.near)-becr (3: near)

common/matrix/ a(nr2r,nedar,neaFr),
bBlnr2rsnesrs niear) .,
c{nF2F>sNE]F > NESF)

common/tnsfrm/ ar(nrlfr.near.near). ai(np2f,.nesar,near), re

i LY
br(ner2r.near,nesr), bi(ne2r.ne’r, nesr) S
cr{nr2r.:NeaFr;NesFr), Ci(nF2F.neaF, near), 'jﬁ

ars (nr2r, NESFyNERF) i85 (RF2Fnedar, Nesr) .
bre(nr2r. near.nesr)bis(nr2r,near, nesr) ., 3
crs(nr2r,NeE]F,Nesr) . Cis(nr2Fr »Ne]F, NE]F) LA
. Vel
common/srvals/rhi (maxr).srvals (nsdr,nr2r) RN
common/srids/nsd.xl:xr.ehysrd{ne),erltard(nsde) Y

s

‘! 1]
3. JA

P
«

common/inteer/nea,neasa, ndm2, ndm3, ndm23, ndm3I2 . max. itrmax
common/norm/znorm

COMPLEX evs>evold:esvs.usi.cmxe-.aaral>rhi
COMFPLEX asb,c.det.detnrm
COMPLEX bcl.becr>znorm

[}

. lf r ,"'-_
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L _AaAU,é

PO

common/ncl/rm2-rmisnsnrl,npr2
common/rcl/ri{nrd)srninF)

common/sacl/sa (risar)
common/FrhiO1/r01 (k) /rhiQ2/r02(nF) /FrhiO3/r03 (nir)
common/Frhill/etl(nr)/rhil2/r12{(ne)/ehil3/F13{(ne&)
common/Frhi21/fr21 (nr) /FPhi22/22(nr) /FRi23/7F23 (nir)
common/Frhiil/Fril{ne)/Fhii2/Fi2(nF)
common/Fhii3/Fri3(nr)/Frhiid4/Frid (nF)
common/Frhid/e(ne2r) /rhiS/f (nels)
common/brndvls/becOFr.bcOrl.ticirlbclir,bel>becQ
common/errcl/err {rnr2r) .
common/serrcl/amxerl.amxer2,ermax -
commorn/dumi/dl(neldr) /dum2/d2(nr2F)

Ca
P

e e e
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A a2 s g s g s

commons for srline intesrals A

ssi(nFr2+1).,d88i(nr2,7>d)>tsi(nr2,49,k) . .
i=number of sinsle intesrals
J=number of double intesrals
k=number of trirle intesrals
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C
common/ssicl/ssi(nr2r>nsir)
common/dsicl/dsi{nFr2Fr>7>-n01F)
common/tsicl/tei(nrlr,49,0liF)

c
common/nssir/nsi,nsd (nsir) ,nav(2.nsifF)
common/ndsir/ndi.ndi(ndir).ndvid,ndir)
common/nteir/nti.ntid{ntirF)sntv(b,ntie)

[
eauvivalence (sa,.sal)
dimension sa3(4,4,nr2¢)

c

C .
do 60 iter=1l,itrmax

c
tall lestic(zandm2.ndmZ>usi->1>ndm2.2.-wa,.det.ier)

c
c
C
do S0 i=1.ne=x
do S0 Jd=1,nFr2
egve(i-»1) = usi(i+(i—-1)Xnea)
S0 continue
c
Cmmm—— diasnostic fFrint ———-—
[
do 40 i=1,nes=
do 40 Ji=1,nr2
WRITE(3,100) esvs(i,i)
40 continue :
60 continve
c
c
100 format(1x,2e12.5)
101 format(ix,13e¢10.2)
c
c
Cm——— setur eisenfunctions ——————
c
2 continue
do 32 i=l.max
ehi(i)=(0.,0.)
32 continue
do 22 k¥=1,nes
do 22 i=1,nsd
index=(k-1)Xnsd+i
do 22 J=1,n¢2
rhi(index)=phi(index)+esvs (i k) Xsrvals(i,.d)
22 continue
c
c normalize eisenfunctions
c
znorm=rhi(l)
do 24 i=2,.max
it (ARS(prhi(i)).2t.ABS(znorm)) znorm=fhi (i)
24 continve ’
IF (ABS (ZNORM) . LT.1.E-20) ZNORM=(1.,0.)
znorm=cmrlx(abs(zrnorm),0.)
C .
return
end
c
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subroutine ofrset
IMFLICIT REALX8(A-H,0~2)

. . LR I
e ta
s . v .

FARAMETER (NF = 221,
2 nesp= 1, 1
3 nsir= 1, x
4 ndir= 1, 3
S ntir= 4, 9
b nedr=101, >
7 nm2r=nr-2, mmir=nr=1 nrir=nr+l, nr2r=ne+2, ()
7 ne]assFr=ne’FXnesr, ner=4Xnear+i, g
3 maxrF=nearXnedr,nsar=16Xnr2r,nalr=7XnesssFr,
4 nom2r=nesrXnr2r, ndm3r=nesssrknrr,
S ndm23r=3Xnear, ndm33pr=3Xkneasas)

common/ncl/nm2.nmli:n.nrl.nr2
common/rcl/r(nr).rni{ne)

cemmon/sacl/sa{nsaFr)

common/FhiO1/,0i(nr) /FrhiQ2/r02(rr) /Phi03/Fr03 (ne)
common/Fhill/frll1(ne)/rhil2/fl12{(nr) /Fhil13/e13{(ne)
common/Fhi21/r21(nr) /phi22/e22(nr) /Fhi23/7Fr23 (1)
common/Fhiil/ril(ne) /ehii2/Fi2(nr)
common/Fhii3/Fri3(nr)/Phiid/rid(nr)
common/Fhid/e{nel2r)Y /rhiS/f (nr2F)
common/bnrndvls/bcOFr,bcOrl.bcirlbeclrsbecl.bcO
common/errcl/err (nr2f)
common/serrcl/amxerl.amxer2,ermax
common/duml/dl(nr2r) /dum2/82(nrF2F)

commons for srline intesrals

ssi(nr2,1),d8i(nr2,7,0)-t8i(nr2,49,4k)
i=number of sinsle intesrals
J=number of double intesrals
k=number of trirle intesrals

common/ssicl/ssi(nr2Fr.nsirF)
common/dsicl/dsi(nr2Fr.7>ndiF)
common/tsicl/tsi(ner2Fr,49,ntir)

common/nesir/nsi>nsd(nsir).nsv(2.nsir)
common/ndsir/ndi,ndi(ndir)>sndv(4,ndir)
common/ntsir/nti-ntid{ntiPr)ntvibntir)

equivalence (sa,sald)
dimension sa3(4,4,nr2Fr)

data nsi/nsirkQ/
data ndi/ndirXx0Q/
data nti/ntirXx0Q/

ke ., data nsv/0,0/

b data ndv/1,0,1,0/

I data ntv/0,0,1,0,1,0,

k: 2 1,0,1,0,0,0, -
:- 3 010v1,0’070! °
S 3 0+0,0,0+0,0/ 2
t—‘ - return 7
L end "1
N subroutine rltfcn )




el 2k i k)

a.

(8]

10

MPWUNNOCUMDULR

N

bW~

IMFLICIT REALXB(A-H,0-2)

FARAMETER(NF = 21,
ne|Fr= 1,
nsirF= 1,
ndir= 1,
ntir= 4,
nedr=101,

nmar=nr=2> nmlr=nr=1-nNP1Fr=nFr+], nr2Fr=nr+2,
NesssrF=nesrinesr, ner=4Xnesr+1,
maxrF=nearknesdr, nsar=16Xnr2Fr. n2l1r=7%kneasar,
NOmM2r=nesrXnrF2Fr, NOMSF=Neas]FANF2F
ndm23r=3Xnear, ndm33r=3Xneasasr)

common/baksub/as (ndm2F. ndmIe)
common/esnvecs/esvs (ME2F:near),usi (ndm2r) s wa (ndm2r)
common/tdvcds/becl (3> neskr)sbecr {3, nesr)
common/matrix/ a(nr2r:neqaFr,nesr).,
b(nr2Fr:neaFr, nesFr),
c(nEr2rFrsnear, nesr)
common/tnsfrm/ ar{nr2p>near,near), ai(nr2F.NESF-NE]F)
br(nr2r.near,nesr), bi(nr2Fr,niear,near),
Cr(nF2P.NeEsSF,Ne]F), Ci(NFZP>nNesr,nesr),
ars(nr2r->Ne]Fr,NE]F),31is (NF2F NE]RFI NESF) 5
bre(nr2r.nearsnear) s bis{ne2r, nesr. Nesr)
crs(nr2r . nesF,NeSF)»Cis{nFr2Fr,nesr nese)
common/srvals/rFhi(maxr)srvals(nadr,nr2F)
common/srids/nedsxl.xrsrhysrd(nr)srltesrd{nsdr)
common/intser/nes-neass,.ndm2, ndm3, ndm23, ndm33.max»itrmax
common/norm/znorm

COMFLEX ev.evaold.esvs,usi.cmxe.aa-al.rhi
COMFLEX a,bs.crdetsdetnrm
COMPLEX bcls.bcrsznorm

dimension f(nedr).rltrinsdr).rlti(nsdr)

common/ncl/mm2.nmlsn>nFrl,ne2
COMPLEX temr{nr2Fr:nesFr.near)

REWIND 15

do 2 i=1l,nsd
Fltergd(i)=(xr-=x1)Xrltard(i)+xl
do 100 m=1,4

00 3 I=1,NGD

PHI(I)=(0.,0.)

80 t0(10,20,20,40)m

continue

do 11 i=1,nes
do 11 J=1,ne<x
do 11 k=1l,.nr2
temr(k,Jjri) =
continue

so to S0
continue

do 21 i=1,nea
do 21 .J=1,nes

a(k,dri)

do 21 k=1,ne2
temp (k,i,1) =
21 continue

b(ka.ivi)
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30 continue

40

41

S0

64

2

so to S50 L

do 31 i=1l,ne=
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do 31 di=1,nes
do 31 k=1.nr2
temr(k,d,1) = c(k,d»1i)

coritinue 3
g0 to S0 T
continue N
do 41 J=1,neq o
do 41 k=1,nr2 N
temr(k,1,4d) = esvs(k,d)/znorm Y
continue : "
continue "

do 60 i=1,nesa o

do 61 .=1,nea SRS
do 62 k=1,nsd e
do 62 1=1.nf2 B
Fhi(k) = rhi(k)+tempr(l,i,d)¥spvals(k,l) e
continue ' T
do 64 mm=1,nad D
Fltr(mm) = REAL(shi(mm)) .-
Plti(mm) = AIMAG(rhi (mm)) +9
continuve 7
call extrma(rltr,erlti-ned,vmin,vymax) -
Xstr = .1%X(xr-x1) -
vyetr = 2X(vymax-vmin) .-
WRITE(F0) NGO,PLTGRD,PLTR,PLTI,YMIN, YMAX b
call title(’'rrosram esviets$’,-100,’domain’,6, e
‘amrlitude’ »9+9.:6.) -x
call sraf(rltesrd(l),xstr.rlterd(rnsd)>»ymin,vste, vymax) e
call curve(rltsrd,rltr,nsd,0) e
call curve(rltard.rlti.ned,0) S
call frame -®
do 68 nn=i,nsd N
rhi(nn) = (0.,C.) S
continue -
if(m.es.4) soto 101 .
continve S

continue




101 continue <oy
return s
end 'i
subroutine extrma(ti.t2.n.x1-x2)
C IMPLICIT REALXB(A-H,0-2) s
o dimension t1(1),t2(1) !
x1=t1(1) _—
x2=t1 (1)
do 1 i=1l,n R
if(xl.9t.t1¢i)) x1=t1(i) S
ifixl.8t.42(i)) x1=t2(i) e
® if(x2.1t.t1¢i)) x2=t1 (i) @)
if(x2.1t.42¢1)) x2=t2(1) . b
1 continue ’ )
return )
eng ]
Frosram svsode e

@ C IMPLICIT REALX8 (A-H,0-2) e

PARAMETER (NF = 221, S
near= 1, K
nsir= 1, 2
ndir= 1, &
ntir= 4,
nsdr=101,
nm2r=nr=2, nmir=nr=1>nFrirFr=nr+l, nF2P=nF+2,
neasaFr=nesrknesr, ner=4Xnear+l,
maxr=nesrinesdf,nsar=16Xnr2r.nalr=7%Xnesssr,
nem2r=near¥nr2r, ndm3r=neasarFrXnr2p,,
ndm23r=3%knear, ndm33Fr=3Xneasar)

MPWNNOECUPWN

common/losicl/lintal,ldtnrm.lrerdr .
logical lintal.ldtnrm.lrerdr .

common/baksub/aa {ndm2F ., ndm2r¢) -y
common/esnvcs/esvs(nrFr2Fr,near)»usi{ndm2r) »wa (nEm2F)
common/bdvcds/bcl (3, near),ber (3, near)
common/matrix/ a(nr2r,nectf,netr),
b (NF2FNESF.NE]F),
clnrFr2Fsriesr, NE]F)
common/tnsfrm/ ar(nPp2r.near,near), ai(nr2Fr,near,near),
br tner2r,ne’r,nesr), bi(nr2r,near,near),
cr(nr2fF>Ne8F,NeE]F)y ci(nr2p,near,near),
ars(nr2Frsnear,near),ais(nr2rrnear, near) o
tre(nr2r,nespPrnear) . bis (NFP2F, near, near), RS
crs(nr2r>near,near),cis (NF2Fr,NeaFr, near) ' ]
common/srvals/Fhi(maxr)srvals(nsdr,nrr)
° common/srids/nsd.xl.xryrhverd(nr),rlterd(nsdr) ?,
common/intser/nea,neass, ndm2, ndm3, ndm23, ndm33-max-, itrmax )

N -

o dWH -

c
COMFLEX ev.,evold.esvs,usi>cmxes>aa-al.rhi,ELF
COMFPLEX a.b.,c,det,detnrm,deval
COMPLEX beclabersznorm
® c
c .
c -
common/ncl/nm2Znmisrn>nel,nr2 S
common/rcl/r(ne)srning) : o
common/sacl/sa(nsar) Rach
) common/FhiO1/¢01(ne) /ehi02/fr02(nFr) /ehiQO3/Fr03 (k) -

common/frhill/prli(ne) /Phil2/F12(nE) /Ehil3/Fr12(nF)
common/FhiZ21/e21(nr) ZFhi22/22(ne) /Fhi23/7e23(nF)
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common/Fhiil/Fril(ne) /Fhii2/fi22 (nF)
common/Frhii3/ri3(nr) /Fhiid/rid(nr)
common/rhid/el{nr2r) /FhiS/f (nele) L
common/tndvl}s/bcOF,.bcOFl bcirlsbeclrabcl.tcQ .
common/errcl/err(nr2f) —i
common/serrcl/amxerl.amxer2, ermax
common/duml/dl (nrlf) /0uml/82(nF2F)
common/coefl/deval,neval

c commons for srline intesrals

chiis ssi(nr2,1).d5i(ner,7, d)oatsilnr2,49, k)
c#### i=numbker of sinsle intesrals
cH#fi#d Ji=number of double intesrals
cH#### k=number of trirle intesrals

common/ssicl/ssi(nFr2FrsnsirF)
common/dsicl/dsi(nr2F,7,ndiF)
common/tsicl/tsi(nr2r.49,.ntir)

Ccommon/nssir/nsisnsd(nsirFr)>nsv(2:nsiF)
common/ndsiFr/ndi>-ndd (ndir)ndvi(4,ndir)
common/ntsir/ntisnti(ntir)antvibsntie)
COMMON/ESTORE/EVSTORE

eaquivalence (sa,s533)

dimension sa3(4,4,nr2¢)

data nm2-nmi.nsnerlner2/nm2esrmlirsnr.nrlr.nkE2fF/

data nsi>ndi,nti/nsifr.-ndirsntir/

data nec.nsd-.rneass.ne,smax,Nsa/NeE]F s NSOF, NEGSAF,NEF»MAXF> NS3F/
data nal,nodm2,ndm3, ndm23, ndm33/nale, nom2F > ndm3r . ndm22r > ndm33F /

data lintal.ldtnrm,lrerdr/.trve.»>.false.,.false./

COMPLEX fstdet,fcn.EVSTORE

n

external fcn

call link('unit3=(outrut,create,text) »rrint3,unitsSo9=ttv//")

CALL TEKALL (4014,120,0,0,0)
CALL BGNFL (O)

‘1 e T

AnOONON

“» "
‘

erint 100
WRITE (2, 100)
100 format{ix-.’'first call to fcn initiated’)
fstdet=fcn(ev)
EV=EVSTORE
rrint 101
WRITE(3,101)
101 format(ix,’first call to fcrn comrlete’)

“y
'

R B

if(neval.ne.0) soto 200
Frint 102
WRITE(3,102)
102 format(lx,’call to cevalf initiated’)
ELF= cevalf(ev,fcn)
rrint 103
WRITE(3,103)
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call nrmfcn
call rltfecn

soto 300
200 continue
call endrl (0)
call donerl
rewindg 90
write(20) neval
do 10 nn=1,neval
det=fcn(ev)
write(90) ev.det
CALL NRMFCN
call rltfcn-
ev=ev+deval
continue
endfile 90
300 continue
stor 999
end
subroutine srrnt (arin,irout,imax)
IMPLICIT REAL¥8B(A-H,.0-2)

inrut

arin: besinnins location of floatine roint numbers to rrocess

irout: bkesimnming location to store comract bcd rerresentation
of floatine roint numbers

imaxs$ total no. of successive floatins roint numbers to rrocess

FUrrose

to convert n=imax successive floatine roint numbers into a comract
bcd rerresentation in the e—format and store them in n successive
temrorary locations besinnine at irout which are later ta be

outrput in r& format.

for examrle the floatins point number -1,7465e+25 is rrinted

as —-175+s where the decimal roint is assumed hetween the minus

sisn and the disit 1. the 2 disit exronent is converted to a2 sinsle
character by a3 table lookur on (0rls...vPr@9br1ee2)=(0:+1+24v...35)

if an i. or r. or ¥X. is returned by subroutine etvyre, it is rrinted

if the exronent is sreater tham +35 or less than -35 a ¥ is
rrinted

REALX16 aout
dimension arin(2)., irout(2), iex(73)

data iex/4H -%,4H -2,4H -v,4H -x,4H -w,4H -v
. » 4H ~-us4H ~t.4H -8
. » 4H -ri,4H -9, 4H -F,4H ~0,4H -ns 4H -M» 4H -1
. 14H ’k’4H —J14H -it4H -h
. » 4H ~9,4H -f.4H -€,4H ~d»,4H —-c+4H -ty 4H -a
. 144 -9,4H4 -8,
. 44 -7,4H -6,4H -5,4H -4,4H -3,4H -2
. v4H -1,4H +0,4H +1,4H +2
. v 4H +3’ 4H +41 4H +S» 4H +6$ 4H “‘71 4H +8s 4H "'9
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. »4H  +3.4H +b.4H +c,4H +dy4H  +e -
. 244 +f.4H +9,4H +h,4H +i.4H +i,4H +k.4H +1 ol
. 2844 +mo4H +n,4H +0,4H +F -
. +4H  +s.4H +r,4H +s,4H +4,4H +u.4H +v,4H +w

. y4H +x,4H +v,4H +z,4H +X/

do 100 i = 1.imax
convert arin(i) to 2.2 format
call zcetoalaout:0,.3rin(i).9,2)
find exronent
call zciatob(gout.6-8,1ind-2)
check if index within bounds.
ind=max0(min0(ind,.35),-37)
Fick ur exronent.
irout(i) = iex(ind+38)
rick ur sisn bit and first sisnificant disit.
call zmovechr(irout(i),0,ao0ut.0,2)
Fick ur second and third sisnificant disits,
call zmovechr(irout(i),2.aout.3,2)
100 continue
return
end
subroutine rrnt (arrav.idim.Jdim-imin,imax.dmin,.imax)
C IMPLICIT REALX8{(A-H,0-2)
PARAMETER (icr = 19)
C..Frosrammer! J breazeal
C..date: 1/710/73

aooooaonooononoaon.

C..thines to consider in usins this subtroutine

c set value of icr ’

set value of nout

add declarative for lcm if arravy is in lcm

add declarative value idim.ddim,imin,imax,.dimin,Jmax

this routine calls srrnt (i breazeal) and orderlib routines

nMNnNnNnnN

C..this routine is fashioned after the ’‘nrl’ Frnt routine (see d anderso

C..this routine will rrint, the 2-d arrav srecified. a rartial
c..Frintout of the arravy is obtained by settins imin,imax, and
CosddMins>dmax. the maximum roints rer line is 19 in the i direction.
c..there is no limit in the 4 direction. if more than 19 roints
C..5fran the printout in the i direction, the Frrintout occurs in
c..frartial blocks, where i=imin to imin+19,.for dimin to .dmaxs

Coe and next: i=imin+19 to imin+39,.for Jmin to Jmaxs etc.

C..USUaseE:

c call prnt (arrav(l,1),idim.ddim, imin,imax,dmin,dmax)

C..arrav: arrayvy to be rrinted

Ceeidim: dimension in 1

Coeoddim: dimension in J

Ceoimin,imax: low and hish ranse of index i
C.odmin>,Jimax: low and hish ranse of index .
C.odiCrt max no. of roints to Frrint per line

PARAMETER (nout = 3)
dimension array (idim,.ddim).,sFrarav(icr)
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i2 =0
dgdo Z5 iblk =

i2 =
if (i2.9t.imax)
inum = 12 -
write (rniout,.Sl)

do 20 4 =
call srrnt
write

continue

continve

format (3h Ji=,12, 1986)
format (' i =' ,19i6)
return

end

subroutine lesatlic
IMPLICIT REALX8(A-H,0-2)

function

usase
PARAMETERS a

ia

b

ib

ijob

iblk

(nout,S0)

imin.imax,icr
i2 + icr + imin - 1}

+ 1
((i,1=ihlk.i12))

dmin,dmax

(arrav(iblk,d)ssraray,inum)
(Jy(srarav(i)si=1l,inum))

(8asnmsiasbisms ib,idob.wa-det,ier)

. P v e . . - - st et
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imax

matrix decomposition, linear esuation
solution - srace economizer solution -
COMPLEX matrices
call lesatic (asnmnriasbims>ibridobrwardet,ier)
inFut COMPLEX matrix of dimensiocn n by n
containine the COMPLEX coefficients of the
equation ax = b.
outrut, a contains the l-u decomrosition of
a rowwise rermutation of the inrut matrix a.
order of matrix a. (inrut)
row dimension of a8 as srecified in
Frosram. (inrut)
inrFut COMPLEX matrix of dimension n by m
containins the m COMPLEX valued risgsht hand
sides of the eauation ax = t.
on outrut, the solution matrix x reerlaces b.
if idob=1, b is not used.
number of risht hand sides
(inrFut)
row dimension of b as srecified in
calline rrosram. (inrut)
inrut ortion PARAMETER. ijob=i imrlies when
i=0, factor the matrix and solve the
eauation ax=h,

on

the callins

(columns in b)),

the

i=1, factor the matrix a.

i=2, solve the easuvation ax=b. this
ortion imrlies that leatlic has already
bkeern called uvsins ijob=0 or | so that

the matrix has already been factored. in
this case outrut matrix a must have been
saved for reuse in the call to lestlc.
work area of lensth n containins the rFivot
indices.
determinant of matrix a.
error PARAMETER.
terminal error = 128+n
n=1 indicates that matrix a
alsorithmically sinsular.

is
(see the
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2, 'n ,4
c charter 1 rrelude). L
c Frecision ~ sinsle/double -
C read., imsl routines — uertst -
c lansuase - fortran N
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® < latest revision - Janvary 8,1972 .

cm <

- cm addition of determinant calculation - mav 17,1979 f:

R cm :‘.‘

.i c

i subroutine lestlrc (a,n.>iasb.m,ib,idob,wa,det,ier) E

o c IMPLICIT REALX8(A~H,0-2) )

- c

: dimension a(ia>1)-b(ib,1)wa (1),t (2) b

- cX double Frecision FiQ:2€roc-,one.wa-tsrnsbis :f

g c1 COMFLEX a.bhsum, temr N

: COMPLEX asb,sum,temr,det

' ° eauvivalence (sum,t (1))

- cl data zero0/0.d80/.0ne/1.d0/

" data zero/0.0/>0ne/1.0/

} cm .

. c initialization

® ier = 0

"f\ if (ijob .esa. 2) so0 to 75

AR rn = n

- c find esquilittration factors

0 do 10 i=1,n

g bis = zero

do S J=1.n
4 temr = a(i.Jd)
(y cl P = cdabsi{temr)
P = ABS (temr)

A if (¢ .8t. bis) bis = ¢

T cm

. det = (1..0.)

. ssn = 1.

10 5 continue

- if (bis .ea. zero) so to 105

- wa(i) = one/bis .

:. 10 cantinue

- c l-u decomrosition
-* do 70 i = 1,n X

N ¢ dml = -1

. if Giml .1t. 1) 80 to 25

- c comrute ulirJ)y, i=ls...0d—1
> do 20 i=1,.ml

: sum = a(i.d)

% iml = i-1

Py if (iml .1lt. 1) @0 to 20

x do 15 k=1,iml

. sum = sum—ad(i.k)¥a(k,d)

= 15 continue

- al(i>Jd) = sum

% 20 continue

L s 25 F = 2ero

S - compute ulisi) and 1(isd)s i=i+l,...,

. do 45 i=d,n
- sum = g(i,d)
- if (iml .1lt. 1) so to 40
< . do 35 k=1,dml
sum = sum—adi,k)xa(k,J)
39 continve
al(i,d) = sum

R T Y N e e O TSI S o P S S S S
: A "‘- ‘.‘\-.‘f‘.;‘%' '.""-/".- DR A R A S S .S RIS Pa vt .t - st Tttt
Lot oS

. ’«- R I e ] ’\_-:..:‘




[

40
45
Cc
[
cm
S0
60
[
65
70
cm
72
cm
ch
79
c
80
85
88
90
c
95
98

continve o

do

continue

if
do

= wa(i)%cdabs (sum)
8 = wa (i) XAES (sum)
if (¢ .8€. 1) 80 to 495
F = 8
imax = i
continve

test for aleorithmic sinsularity
if (rn+r .ex’. rn) so to 105
if (i .ea. imax) g0 to 60

interchanse rows J and imax
&sn = —1.,%Xsgn

dgo S0 k=1.n

temr = a(imax.k)

a{imax,k) = alik)

a(i k) = temr
continue
wal{imax) = wa(.i)
wald) = imax
JFL = li+]
if (irl .8t. n) so to 70

divide by rivot element uv(i.d)

temr = a(i,Jd) Sy
do 65 i = Jrlsn D

alisd) = ali,J)/temr ¥®
continue s

)
»

calculate determinant -
72 i=1l,.n - :
det = detxa(i.i) -

RN

M - T . 0

L G e
Lol
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A

det = sanxdet

.
’

(idob .ea. 1) so to 9005
103 k = 1.m

0 e
? LI

L A
L.!A."" 4

solve ux = v for x

iw = 0
do 90 1 = 1.n

imax = wa(i)

sum = bh(imax,k)

b(imax.k) = b(i,k)

if (iw .ea. 0) so to 85

iml = i-1

do 80 J = iw,iml

sum = sum—a(i,Jd)Xb(Ji,k)

continue

so to 88

if (t(1) .pe. zero .or. t(2) .ne. zero) iw = i

b(is k) = sum
continue
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solve lv = b for v ~
ni = n+l oy
do 100 iw = 1,n :
i=nrnl-iw
JP1 = i+
sum = b(i>k)
if (Jrl .8t. n) so to 98
do 99 4 = Jrl.n
sum = sum—a(i,J)Xb(i,k)
continue
k(i k) = sum/a(i,i)
continue




continue
30 to 9005
alsorithmic sinsularity
ier = 129 -~
continue
Frint error
call vertst(ier,6hleatlic) .
return
end
subroutine uvertst (ier,name)
IMFLICIT REALX¥8(A-H,0-2)

—vertst-—————s—ee—————— library l-——c——m e e e e
function - error messase seneration
usase - ¢call vertst{ier.name)
PARAMETERSs ier - error FARAMETER. tvyre + n  where

tvre= 128 imrlies terminal error
64 imrlies warnins with fix
32 imelies warnins

n QO AN nNnnNnnMftnNnannonNnnnnnnln
I I I I

w

*J

(L]

et te Tl AT e
LU L I S e

n = error code relevant to callins routine
name - inrut vector containins the name of the
calline routine as a8 six character literal
strins.
lansvase - fortran
latest revision - Jdanvary 18, 1974

subrouvtine vertst (ier.name)
IMPLICIT REALX8(A-H,0-2)

dimension ityr(3.4),1ibit (4)

inteser name (3)

inteser warn,warf,term,rrintr

equivalence (ibit(1).warn), {(ibit(2)warf), (ibit (), terr)

data ityp /’warn’s,’'ins ’,° Pyt P! '
‘warn’s,tins(’',’'with’,’ fix'’',"’) 'y
‘term’,’inal’,’ 'y ty? '
‘non-','defi’, 'ned ',’ I e

ibit / 32,64,128,0/
data Frintr / 3/
ier2=ier

if (ier2 .se. warn) so to S

non—defined
ieri=4
so to 20
if (ier2 .1lt. term) so to 10

terminal
ieri1=3
so to 20
if (ier2 .1t. warf) so to 15

warning(with fix)
ierl1=2
so to 20

warnins
ierl=1

extract 'n’
ier2=ier2-ibit(iert)

Frint error messase
write (printr,28) (itvyerlisierl),i=1,S)>name,ierl,ier
format(’ %%%X i m s l{uertst) XxX ',534+4%,34,a22-,8%x,12,

o(ier = ’,i3,')")
return
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end
subroutine bsrlcf
C IMPLICIT REALX8B(A—-H,0-2)
CKXXX¥X written by J. c. wilevy univ. of texae at auvstin dan

1976

c~—-routine comrutes the coefficients of the b-srlines which form

c a3 basis over the set of krnots, r, with rereated knots
c at the end roints, s(i,r1l,1) d—-rower, l-sesment, i-srline,
C——
C
c
FARAMETER (NF 21,
nesr i,
neie= 1,
ndir= 1,
ntir= 4,
nsdr=101,
nm2r=nr=2.nmlir=nr=1.nrir=ner+l, nr2Fr=nr+2,
nesser=nesrine]r, ner=4¥near+l,
maxXr=nesrknsdr,nsar=16Xnr2r.nalr=7Xneasar,
ndm2r=rnedr¥nr2r, ndm3r=neasserXnr2r.,
nom23r=3Xknear, ndm33r=3%kneassar)

MbhLNNCODWUNR

common/ncl/nm2,nml-nsnrl,ne2
common/rcl/rinr)rn{nr)
comman/sacl/sa(nsar)
common/FhiO1l/rOY(nr) /FPHiQ2/F02(RFr) /Fhi03/r03{(nrF)
common/Fhill/Frl1l{(nr)/Fhil2/F12(ne)/Fhil3/F13(nF)
common/FhiZ2l/e21(nr) /FhiZ22/22(nr) /FHi23/7r23(nF)
common/Fhiil/ril(ne) /Ehii2/Fi2{ne)
common/Fhii3/ri3(nr) /erhiid/rid(nr)
common/Fhid/e(nr2fr) /prhiS/f (nr2F)
common/brdvls/bcOFr.bcOrl-beclrl.beclr.bict,bcO
common/errcl/err(nr2F)
common/serrcl/amxeri.amxerZ, ermax
common/dumi/dl (nelr) /dum2/d2(nr2r)

c

( commons for srline intesrals

c

CHE#H ssi(nr2,1),ds8i(nFr2:7,d)-2t51(nPr2:49,k)

cHi## i=number of sinsle intesrals

cH### i=number of double intesrals

c#### k=number of trirle intesrals

C
common/ssicl/ssi{nPr2Fr>nsirF)
common/dsicl/dsi(nr2Fr>7>ndiF)
common/tsicl/tsi({nFr2r,49.ntir)
c
common/nssifr/. _insd(nsir)snsv(2.nair)
common/ndsifF/ndi,ndd (ndifF)>ndv(4sndir)
common/ntsir/ntinti(ntir)-ntvib.ntir)
c
eaquivalence (s3,833)
dimension sa3(4,4,nr2rF)
c
c
c—-——i=1
cl=4,00/((r(2)=-r (1)) %%4)
idx=16
sa(idx) -c4

2.0%cd%xr (2)
~3.0%caAxr(2) ¥ (2)
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sa(idx=-3) = CAXr (2) ¥r (2) ¥r (2)
c——-i=2

C4=4.0/ ((r(3)=r(2)) % (r(3)=r (1)) ¥%3)
€3=4.0/((r(2)=r(3)) K (r (2)=r (1)) X%3)

1dx=32

® sa(idx) = -c4
saf{idx—-1) = 3.0%c4xr(3) o
sa(idx=2) = -3.0%caXr (3)¥r (D) -
sa(igx=3) = , Ccaxr (3)Xxr (3) %r (3) =
sa{idx—4) =sa(idx) -c3 NS
sa (idx~5) =sa(idx—1) +2.0Xc3%r(2) =

® salidx—6) =sal{idx~2) ~3.0%c3%r (2)%r(2) =
sa(idx~7) =sa(idx-3) +C3Xr (2) X (2) k- (2) ]

c———i=3 S0

CA=4.0/ ({r (D) ~r(2))X(r(8)=r () X(r(4)—r (1)) Xx2) e
€3=4.0/ ((r(3)=r(2))X(r () =r () X(r(3)=r (1)) X%x2) R
C2=4.0/C(r(2)=r (3 ¥ (r(2)=r (4))X(r{2)=r (1)) ¥x2) :J
idx=48 -

® sa (idx) -c4 ' D
sa(idx—-1) +3.0%Xc4%¥r (4)

~3.0Xkcd%r (4) %r (4)

sa(idx—2) . I
caAXr(4)Xr(4) %r (4) .

sa(idx-3)

Wi n

sa{idn—8) =sa(idx) -c3 o
sa (idx-9) =sa(idx—-1) +3.0%¥c3%xr(3) i
ad sa(idx—6) =sa(idx-2) ~-3.0Xc3xr(3)Xr (3) *
sa(idgx—7) =sal{idx~3) +c3%kr (3) X (3) X0 (3) .
sa(idx—8) =sa(idx-4) -c2 -

sa(idx-9) =sal(idx-3) +3.0%c2%r(2) .
sa(idx—10)=sa(idx—6) =3.0Xc2%r (2)%¥r(2) -

sa({idx—11)=sa (idx~-7) +22%Xr (2) X0 (2) X (2) - Sk
® c——i=4,n-1 B
do 10 i=4,nml o
mi=i-3 Ll
m2=i-2 R
m3=i-1 -
m4=i N
& mS=i+1 B
€4=4 . 0/{(r (mS)-r(m1N) ¥ (r (S —r (@) X(r{mS)—r {m2)) X (r(mS)-r(md))) S
€32=4.0/((r(mA)-r (MmN X(r (mB)—r (M2 X(r (m3)—r (M3 X (r{md) -~ (mS))) xﬂ
€c2=4. 0/ ((r (mA)—r(m)) X (- (M) = (m2) X (r(Mm3)—r{md)) X (r(n3)~-r(mS))) N
€1=4.0/((r(m2)~r- (M1 X(r(m2)=r (m3))X(r(m2)=r (mB) ) X (- (m2)=r (mS))) ﬁ;
idx=16%i o
» sa(idx) = ~c4 3
' salidx—1) = +3.0%caxr (mS)

sa (idx=2) ~3. 0XcAXr (mS) kr- (m5) : "

sa(idx-3) = cAxr (mS) X (mS) Xr- (mS)




o

4

sa({idx-4) =sz{idx) -c3

sa(idx-3) =sa(idx—-1) +3.0%c3%Xr (m4)

sa3(idx—6) =sa(idx—2) -3.0xc3¥r(m4) Xr (m4)

s3(idx~7) =sa(idx—3) +c3kr (ma) Xr- (md) Xr (m4)

sa (idx-8) =saz(idx-4) -c2

2 (idx—9) =sa(idx—35) +3.0Xc2%r (m3)
sa(idx—-10)=sa(idx-6) =-2.0%c2Xr (m3) ¥r (m3)
sa(idx—-11)=sa(idx-7) +c2%r (m3) Xr (m3) ¥r {m3)
sa(idx-12)=sa (idx—-8) -c1

83 (idx—13)=sa3(idx—9) +3.0Xci¥r (m2)

sa(idx-14)=sa (idx—10)-3.0%c1¥r(m2) ¥r (m2)
sa{idx-13)=sa(idx—-11) +c1¥r (m2) X (m2) Xr (m2)

10 continue
C=——1i=n

mi=n-3

ma=n-2

m3=n-1

mé=n
c4=12.0/((r(md)~r(m1)) X (e (md)—r (m2)) X (r (m8) —r (m3)))
c3=—-4. 0/ ((r(m8)=r- (m2M) X (r(md3)~r (m3)) X (r(md)—r (m1)) XX2)
2 =4.0/¢(r(mB)—r(mI))X(r(ma3) = (m3))X(r (m8) —r (m2) ) XX2)
3 =4, 0/ ((r(mA)=r(m))X(r(md3)-r(m2) XX (r(md) —r (m3) ) XXx2)
2= 4.0/ ((rm3)-r(miNX(r(m3)~r(m2) )X (r(m3)—r (m4) ) Xx2)
cl= 4.0/(rm2)—r(miNX(r(m2)-r(mAy)X(r(m2)—r (mqd)) Xk2)
idx=16%n

sa(idx—-4) = -c3

sa(idx—-5) =c4 +3.0%c3%r (md)

sal{idx—6) = —-2.0%cd4 -3.0¥c3kr(m4)%¥r (m4)

sal{idx—7) =cd4Xr(md)¥r (m4)+c3kr{(md) Xr (ml) Xr (m4)
sa(idx—-8) =sa(idx—4) -c2

sa (idx—9) =sa(idx-5) +3.0%xc22%r (m3)

sa(idx-10)=sa (idx—6) =-3.0Xc2X%r (m23) ¥r- (m3)
sa(idx—11)=sa(idx-7) +c2Xr (m3) X (m3) Xr- (m3)
sa(idx—12)=sa (idx—8) -c1

sa(idx—-13)=sa(idx-9) +3.0XclXr (m2)
sal(idx—14)=sa(idx—-10)-3.0Xc1Xr (m2) %Xr (m2)
sa(idx—1S)=sa(idx—-11) +cl1Xkr{m2) Xr (m2) Xr (m2)

c———i=n+1l
c4= 12.0/¢(r(m8)~r (m2))
==12.0/((r(m4)-r (m3))
~12.0/¢((r(m4)=-r (m2))
c2= 4.0/((r{md)-r{(m3))
2 +4,0/((r(ml)—r (m2)) Xx2
3 +4.0/¢(r{(m4)~r(m2))
cl= 4.0/ (r(m3)-r(m2))
idx=16%X(n+1)
sa(idx-8) =
sa(idx—-9) = c3
sa(idx—-10)=-c4 ~-2.0Xc3%r

L

sa(idx=11)= c4Xr(m4)+c3%Xr-(md) Xr- (m4) +c2%r (m4) Xr (m4) Xr (m4)

sa(idx-12)=sa (idx-8)

sa(idv¥-13)=sa(idx-9) +3.0

salidx-14)=sa(idx-10)-3.0

sa(idx—19)=sal(idx—-11)

C~——i=n+2

c4- +4.0/(r(m4) —r (m3))
=2~12.0/(r (MmA3)=r (m3) ) Xx2

c2=+12.0/(r(m4)—r(m3))1#3

cl= ~-4.0/(r(md)~-r (m3)) X%X4

idx=16% (n+2)

sa(idx—12)=

sa(idx~-13)= ce

sa(idx—-14)= -c3 -2.0%c2

X{r{m4)-r(m3)))
¥(r(md)—r (m2)) %%x2)
X(r-(md)—r{m3)) £%x2)
X(r-{m8)—r(m2)) Xx3)
2 X(r(md)—-r(m3))%%2)
¥(r(m4d)-r(m3))Xx3)
¥(r(m3)~r{m4) ) x%x3)

-c2
+3.0%¥c2%r (m4)
(m4) -3.0%c2%r (m4) Xr (m4)

-c1

Xclxr (m3)
Xcikr (m3) ¥ (m3)
+c1¥r(m3) Xr (m3) Xr (m3)

-c1
+3.0xc1%r (m4)
¥r-(m4) ~3.0Xc1¥r(m4) Xr- (m4d)

.
¥
-
PP




Rt S s )

C
C

&

MPpUNNOCUMPLR

Tva v - . -
g i Rt Dt A A g P E LRI AT Sl Rl Sl Nl " A )

- T

sR(10X—19)=c4+c3¥r- (md)+c2Xkr (mad)Xr-(m8)+cl1ir (m4) Xr (m4) Xr (m4)

return

end

subrouvtine derse(frn.c)
IMPLICIT REALX8(A-H,0-2)

) CXXXXX written by 4. c. wiley univ., of texas at austin

dimension frn(3),c(l)

FARAMETER(NF = 221,
nesr= 1,
nsirF= 1,
ndirx= 1,
ntir= 4,
nsdr=101,
nm2r=nr—=2:nmir=nr=1>nrlr=nr+l: NF2F=NF+2,
nessar=rnesr¥nesr, ner=4Xnesr+l,
maxr=nearknedr, nsar=16Xnr22r,.nalr=7Xneasqar,
nodm2r=ne’srXnr2f, ndM3P=ne’sarXnF2e .,
ndmZ3r=3%knear, ndm33r=3Xneasar)

common/ncl/mm2,rmi>nsnrl,nerl
comman/rcl/r{nr)>ranl(nr)

common/sacl/sa({nsar)

common/FhiO1/F01(nr) /Fhi02/e02(nFr) /Fhi03/Fr03 (ne)
common/Fhill/frll(nr) /Fhil2/F12(ne) /Fhil3/F13(nF)
common/pPhi221/r21(nr) /Phi22/F22(nF) /FhiZ23/Fr22(n¢)
common/fFhiil/Fril(nr) /rhii2/Fi2(nF)
common/Frhii3/Fri3{nr)/phiid/rFid(npr)
common/rhid4/e(nr2) /FhiS/f (Nr2F)
common/bndvlis/becOr.bcOrlbeclrlsbclrybclbicO
common/errcl/err(nr2Ff)
common/serrcl/amxerli,amxerZ:ermax
common/duml/dl (nr2F) /dum2/82(nFr2F)

commons for srline intesrals

sei(nr2,1).088i(nr2:7-4d)-tsi(nFr2,49,k)
i=number of sinsle intesrals
Jj=number of double intesrals
k=number of trirle intesrals

common/ssicl/ssi(nF2Fr.nsiF)
common/dsicl/dsi(nr2F>7>ndiF)
common/tsicl/tsi(ne2fr.49,ntir)

common/nssiFr/nsisnsd(nsifr)snsv(2.nsirF)
common/ndsiFr/ndi,nd.d (ndir)sndv(4,ndir)
common/ntsir/ntisntid(ntir)sntv(b.ntie)

eauivalence (sa,sal3)

dimension s5a3(4,4,nr2f)

nm3=n-3
if(abs(fn(1)).et.abs(10.%Xfrn(2))) so to 20

c-—-find derivative of fcn at end rts.
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d11=(frn () =fn(1)) /(e (2)=-r (1))
d12=(fn(2)-ftn(2))/(r(3)~-r(2))
d13=(fnA)=-fn(2))/(r(d)-r(3))
d21=(d12-di1) /{r(3)-r (1))
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d22=(d13-d12) / {r (4)-r(2))
831=(d22-d21) /(r (4)-r (1))
frO=0d11—-d21%kr(2)+d31%r-(2) ¥ (3)

C———
dli=(frn{nm2)=Ffrn(rmm3)) /7 (r {rnm2) - (nm3))
d12"(f‘n(nm1)—fn(vnrm.) Y rdrml) = (nm2) )
=(fn(r)~frnlnmi))/(r(m)~r(nml)) .
d“1~(dl 2~dll) /Ar(rml)—=r{rnm3)) ?\
d22=(d13-d12Y / (r ()~ (am2)) e
631=(d22-821) / (r{rm) =r (nm3)) "y
fri=+r(nM) X (d13+{(r(n)—r(nml1) ) X (d22+d31%X(r (r)=r (Am2) ) )) o
c—-——comrute e and T. “®

C

[
C

c()=frn(1)/r01(1)

22 continue

f(2D)=(frO-r11 (1) Xc (1)) /pr12(1) <
e(2)=0.0 -
e (3)=—r03(2)/F02(2) o
FAD=A{Tn(2)~-rO1(2)XT(2)) /FO2() -
do 10 i=4.n K
e(i)=1.0/7(rOL1 (i-1)Xe(i-1)+F02(i-1)) .
fli)=(frn(i-1)—rO1(i—-1)%F(i-1))%e (i) o
e(i)=-r03(i-1)%¥e(i) e
10 continvue
-comrute c. P
ciner)=fn(n) /FO03{(n) S
clnr)=(frl-r13(mMXc(nr2))/rl12(n) o
do 12 i=2.n L
Ji=nr2-1 ';
cli)=e(i)Xc (i+1)+f (J)
12 continue -
return e
20 continve .
d11=(frn(2)—frn(2)) /7 (r(3)-r (2 N
G12=(fn(4)—frn(3))/(r(4)—r(3)) .
d13=(frn(S)~frn(4))/{r(S5)-r(4)) e
d;l—(dl’—dll)/(r(4)—P(2)) -3
2=(d13~-ad12) /7 (e (S)~r- (3 ) _i‘
d°1-(d 2=d21) /7 (r (S)~r(2)) Ty
an fr(2)+(r (D) —r(2))X 411+ (r (1) -r ()X (d21 Y
+(r(1)~-r(4))% d¢31)) -
fFO d11+d”1#((r(1)-r(g))+(r(1)—r(“)))+d°1*((r(1)—r(°))* -
2 (r (D) =r(A))+(r ()= (X)X (1)~ (4) )+ e
S (r (L)~ (2)X(r ()= (2))) ‘ 4
c(1)=fnO0/rO1(1) e
s to 22 .
end
csubroutine deset(ih)
IMPLICIT REALXB8(A-H,0~2)

CEXXXX written by J. c. wiley univ. of texas at austin Jdan 1976 ;‘

PARAMETER (NF = 21, S
near= 1, K
neir= 1,
ndir= i,
ntir= 4,
nedr=101,
nm2F=nr=2,nmmlir=nr=1,nrir=nr+l ne2Fr=nr+2,
neasar=nesrinesr, ner=4kneqr+l,
ma¥xr=neafkknodr, nsar=16Xnrlr.nalr=7Xneasar,
ndm2r=nearXnr2fr, ndm3r=reasarXne2r,
ndm23Fr=3Xnear, ndmIIr=3kneasar)
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common/ncl/rnm2.-mmisnsnrl.nel
commorn/rcl/r(ne)rrninr)

common/sacl/sa{nsaFr)
common/FhiQl/rO1(ne) Zehl02/F02 () /EH103/r02 ()
common/fFhill/Fli(ne) /rhil2/Fr12Cne) /R i3/ 13 (RE)
common/Fhi2l/fr21(nr) /7Fhi22/F22(ne) /FRi23/623(nF)
common/fFhiil/Fil{nk) /Fh1i2/F12(nF)
common/fFrhii3/Fi3{nr) /Fphiid/Fid (nE)
common/fFrhid/e(ner2e) /ehiS/f(ne2F)
common/bndvls/bcOF,bcOrl-beclrlbeclrsbeclbcO
common/errcl/err (nr2f)
common/serrcl/amxerl.amxer2, ermax
common/duml/dl(nrlr) /8um2/42(nr2F)

commons for srline intesrals

sl (nr2,1),ds8i(ner22750)2ts1(nr2,49,k)
i=rnumber of sinsle intearals
di=number of double intearals
k=number of trirle intesrals

common/ssicl/ssi(nrlF,nsirF)
commorn/dsicl/dsi(nerlp,>7>ndiF)
common/tsicl/tsi(nr2,49,ntif)

common/nssir/nsl>nsd (nslfF)>nsv(2.nsir)
common/ngdsir/ndi,ndd (ndir)ndv(4,ndir)
common/ntsir/nti-ntid{ntir),ntv(6,ntir)
equivalence (sa,sald)

dimension sa3(4,4,nr2F)

data Fil(1),Fi2(1),ri3(1),.Frid(1)/4%0.0/

c~——subroutine sets ur values of srlines at the krots.

10

do 10 i=1.n

call srvl(ir(i)»r01¢(id).1)
call servl(i+l,r(i),»rk02(i),1)
call servl(i+2,r(1),r03(i)>1)
call srvlr(ir(id),rl11¢i).1)
call srvlr(i+l,r(i),,rl12(i),. 1)
call sevlr(i+2,r(i),r13(i),1)
call spvl1rr({i»r(i),r21(1),1)
call sevlrr(i+l,r(i),pr22(i)» 1)
call srvlrpr(i+2,r(1),.r23(i),1)
continue

F02(1)=0.0

F032(1)=0.0

FO1(n)=0.0

F02(n)=0.0

F13(1)=0.0

F11(n)=0.0

do 12 i=2.n
Fil(i)=8ausb(i-1.1i,.dh)
pi2(i)=gausb(i,i..ih)
Fi3(i)=8ausb(i+l,i,.h)
Fid4(i)=gausb(i+2,i..0h)
continve .
#11(1)

bcOr =
bcOrl = FP12(1)
belrl = r12(n)
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bclr = r13(nN)
kel = rO3(n)
beQ = 01 (1)
return

endg

function s3auslO(Fl,F2yFrCan-ast)
IMFPLICIT REAL¥B(A-H,0-Z)
X written by d. c. wilevy univ. of texas at austin Jdan 1974
dimension r1(D),,r2(5),r3(3)
datawl w2, w3/.467913 9a4u7”691,.g60761a7”0481“9,.17la~44972791/0/
dataxl» X2, x3/.238619186083197,.56612093864656265,.932469514203152
fcn(»)#(F1(1)+x*(F1( M HFRKLEL (S + K (1 (A)+xEr1(E)D) D)) X
(FR2O1)+ XX (F2(2) + XX (F2(B)+xX X (F2(4) +xXFr2(5)) )2 ) X
CR3CL) +X(ES(2) X (FI (D)X (FI (L) +xXF3(5)))) )X
(X¥%Xn)
ro=0.5%(b-3a)
re=0.95% (b+a)
sausiQ =rdX(w3X{(fecn{rp-—rdXx3)+fcn(rr+rd¥x3))
+Ww2X (fen(rer=rd¥x2)+fern(re+rdix2))
+Wwik(fen{rr—rdix1)+fcn{rr+rd¥xi)))

E- NN

W

return
end
function sausb(k,i.dh)
IMPLICIT REALXB(A-H,0-2)
X written by J. Cc. wilev univ. of texas at auvstin Jdan 1976

FARAMETER(NF = 21,
nesr= 1,
nsir= 1,
ndir= 1,
ntir= 4,
nadr=101,
nm2F=nF=2, nmlir=nr=1,nrle=nr+l, nr2Fr=nr+2,
neasar=nearinesr, ner=4Xnear+1,
maxF=nearknedr,nsar=16Xnr2Fr,nalr=7Xneasar,
nom2e=nearXnF2Fr, ndm3r=neasarF XnF2F,
ndm23r=3Xnear, NdmISr=3kneasar)

MeWYNNCADWON

common/ncl/rm2srmisn.nel,ne2
common/rcl/ri{ned)srninF)

common/sacl/sa(nsar)
common/rthl/FOI(nr)/Ph10"/r0"(np)/Ph10”/PO“(nF)
common/fFhill /el (ne) /rhil2/p12(nr) /Frhil13/7Fr13(nE)
common/ehi21/e21Cne) /7ehi22/22(nF) /rhi23/Fr23 (nF)
common/Fhiil/ril(ne) /Phii2/Fri2(nF)
common/fetii3/ei3(ne) /ehiid/rid(nr)
common/rhid/e(ne2e) /FhiS/f(nr2¢)
common/tndvls/bcOr, bicOFlsbeclrlsbclir.bcl .becO
common/errcl/err(nr2Fr)
common/serrcl/amxerl,amxerZ,ermax
common/cduml/dl (ne2r) /dum2/d82(ne2¢)

commons for srline intesrals

esi(pFr2s1),d81i(nr2,75d)H>tsid (ne2>49,4)
i=number of sinsle intesrals
J=number of double intesrals
k=number of trirle intesrals

common/ssicl /S8l NFETFsNGLE)

ot
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L) .
common/dsicl/s/dsr(nr2ra7,n01F)
common/tsicl/tsifinFrZr-49,.ntiF)
C
common/nesir/nsi-nsd{nsir) . nsv(2,.nsir)
common/ndsier/ndi-ndi{ngir)ndv(4,ndir)
o common/ntsis/ntintdi(ntir).ntv(b,ntir)
c .
ecquivalence (sa,.sald)
dimension sa3(4,4,nr2r)
C
(
® datawl w2, w3/.467913934572691, .36076157320481329,.171324492379170/

dataxl,x2,x3/.238619186083197,.661209386446265, .9324695142031352/
dimension v (&6).x{&8)
rg=0.5%(r(i)—=r{(i-1))
re=0,9%X(r(i)+r{i-1))
X (1)=rFr—rdXx3
PY X(2r=rr—rdXkx2
X (B)=rer-rdixl
Xx(4)=rp+rgkxl
X (S)=rr+rdXx2
X(&6)=rp+rd¥kx3
call sevlt(k,x(1),v(1),.6)
gaushd=rdk (w3X(x (1) XXihXy (1)+x(H) XXihXv(&))

® 2 +W2X (R (2) XA BXky (2) +x (D) XX hXky (5))
3 +WlX (X (DI XXIhXY (D) +x (4) XkihXy (4)))
return
end
subroutine arid(er,isw)
c IMPLICIT REALX8(A-H,0O-2)
o CXX¥XX written by di. c. wilev univ. of texas at austin Jdan 1976
c
o
FARAMETER (NF = 221,
2 near= 1,
3 neir= 1,
a 4 ndir= 1,
S ntir= 4,
b6 nadr=101,
7 nmZr=nr~2, nmir=nr—1> nrlr=nr+l, nF2r=nr+2,
7 neasar=nearinesr, ner=4Xnear+l,
3 maxe=nearknedr, nsar=16Xnr2r, naler=7kneassF,
e 4 ngm2r=nesrknr2r, ndm3rFr=neasarAnr2r,
S ndm23r=3Xnear, ndm33r=3Xneasar)
c
(
c
comman/ncl/mmZsnmlsnsnrl.nr2
L] common/rel/r(nr)srnlnF)

common/sacl/sa(nsar) .
common/fFhiO1/rO1(nr) /Fhi02/r02(nr) /rhiQ3/r03 (nF)
common/Fhill/rl1(ne) /ehil2/P12(nE)/Fhil13/r13(nF)
common/FhiZ21/F2)(np) /Fhi22/F22(nr) /ehi23/e23 (nr)
common/#hiil/rit(rne) /ehii2/Pi2(nF)

o common/fFhii3/Fril(ne)/Fhiid/Frid(nF)
common/frhid/e(ne2e) /FrhiS/f(nelr)
common/tindvlisa/becOr,bcOrl bcirl.bclr.bcl,bcO
common/errcl/err(nr2f)
common/serrcl/amxerl,amxera, ermax
common/dumi/dl (ne2¢) /dum2/82 (ne2r)

c
¢ commons for srline intesrals
(d
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CHEHE sl (nrZ 1).dsi(nel.7+0) tei(ne2.4%, k)

cH##H i=pumber of sinele inteesrals

cH#H#HH J=number of double intearals

cHBEE k=rumber of trirle intesrszls

C
common/ssicl/sei(nerlF.nsir)
common/dsicl/dei(nrZe>7sndiF)
common/tsicl/tsi(ne2r.49,ntir)

common/nssir/nsinsd(nsir)snsv(2.nsir)
common/ndsir/ndl-ndd(ndir)»ndv{(4,ndir)
common/ntsir/nti-nti(ntir).ntv(s-ntir)

eauivalence (£3.s5a3
dimension sa3(4,4,nr2F)

dimension er (1)
c——--8rid sets ur srid sracins.
c isw=l,uniform srid.
c isw=2,sF3cing based on err fcn.
d 1ew=3, » R
c isw=4,uniform excert end fFrts.
g0 to (801,.802.803,.804),1isw
c——=sets ur uniform mesh.
801 do 10 i=1l,n
10 er(i)=(i-1.0)/{n=-1.0)
return

Cc——-

c——-this section choses a new set of knots based on the error

c function er.
C——
c-——note: er on exit contains new X.
802 continvue
emax=<0.0
do 19 i=2,nml
emax=MAX (emax-,er(i))
emin=.001%emax
do 20 i=2,rnmi
er(i)=MAX(emin,er (1))
er{i)=er (i) X¥0.25
continue
er(1)=er (2)
erd{n)=er (nml)
sum=0.0
do 21 i=1,nrml
sum=sum+0.SX (er (i) +er (i+1))X(r(i+1)~r(i))
sum=sum/nml
c-——comrute rartition.
rn(1)=0,0
k=1
tot=0.0
ifle=1
do 22 i=2,nmi
goal=(i-~1)ksum
T del=(r(k+1)=pr(k))
add=delX(er(k+l)+er (k)) %X0.5
if (add+tot.lt.s0al) so to 23
ro(i)=r(k)+(g0al-tot) ¥del/add
so to 22
tot=tot+add
k=k+1
so to 25
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22 continue
rn(1)=0.0
rm(n)=1,0

do ‘33 1=1.n
er{i)=rn(i)
continue
return
803 continue
c-——mar e€r to scaling form.
er{l)=er(2)
er-(n)=er (nml)
® do 40 i=1l.n
if(er(i).st.amxer2) so to 41
if(er(id.st.amxerl)asn to 42
if(er(i).st.0.2%amxer1) eo to 42
er(i)=1.25
g0 to 40
® 41 er (i)=0,60
so to 40
42 er(i)=0.75
so to 40
43 er(i)=1,.00
40 continve
o c———comfrute new r.
rin=0.0
do S0 i=1,nmi
rirln=rin+(r(i+d)-r (i) X0.5% (er{id+er(i+1))
er(i)=rin
rin=rirln
S0 continue
® er{n)=rirln
c——-rescale.
do 51 i=i.n
31 er(i)=er (i) /er{n)

®
8}
0

c———check er for minimun sracins.
do 54 i=2,n
® if(er(i)—er(i-1).st..01) so to 54

er(i)=er(i-1)+.01
4 continue
do S5 i=2,n
er(i)=er(i)/er(n)
return
o 804 continue
nmé=n-4
dlr=1./(nmé4-1)
er(1)=0,0 '
er(2)=,5%xdlr
er(3)=dlr
Q er(4)=1,5%xdlr
do 87 i=S,nm4 .
er(i)=(1-3)%dlr
87 continue
er(n=-3)=(rim4-22.5) Xdlr
er(n=2)=(nmd4-2) xdlr

4]
w

Y er(n=-1)=(nmié~-1.5) xd1lr
' erin)=1,
return
end
subroutine roFr(asr-lrrsns)
c IMPLICIT REALX8(A-H,0-2)
e CEXXXXX written by . c. wiley univ, of texas at austin

dimension e (S),a(4)
imax=s4+n~—1
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do 10 1=1,95
10 p{i)=CG.0Q
dmin=max0(1+1-n,1)
ne=maxXx0(i-imin+l.0)
ifdimin.st.4) return
do 11 d=imin.4
fac=1.0
1f(l.exs.0) s0 to 12
do 13 il=1,1
3 fac=(i+n—1-1+il)%xfac
12 rli+ns—1)=facka (i)
11 continve
return
end .
subroutine reordr (u.nk:rnew) T
» IMFLICIT REALXB(A-H,0-2Z)
CXkX%X%kX written by J. c. wiley univ., of texas at austin Jdan 1976 h;
c——-reordr interrolates v from current srid.r, to new srid. -
c .
FARAMETER(NF = 221, e
2 near= 1, D)
3 neir= 1, \"
4 ndir= 1, o
S ntir= 4, r
() nsdr=101, R
7 nm2F=nr—2. mmir=nr=1:nFrle=nr+l, ar2Fr=nr+2, -
7 neassF=nesfF¥nesr, ner=4Xneqr+l, ol
3 maxr=nearknadr, nsafr=18knr2r.nalr=7%¥neasqar, O
4 ndm2r=near¥nr22r, ndm3Fr=ne]sar Xnr2F» HQ
5 ndm23Fr=2%near, ndma3Fr=3Xneasar) ;'
c N
c g
dimension rnew(1),u{nF>nk) .
c
C e
common/ncl/rm2.nmis.nsnrl,nr2 o
® common/rcl/r (nE)srnlne)
common/sacl/satnsar) L
common/fFrhiO1/Fr0Ll (ne) /FPHiO2/Fr02(nr) /Fhi03/FO03 (niF) N
- common/Fhill/rlline) /Frhil2/f12(ne) /Ehil3/fr13(ne) nj
common/FhiZ1/r21(ne) /Phi22/p22(ne) /FhiZ23/23(nE) e
common/Fhiil/ril(ne) /Fhii2/Fri2(nr) o
® common/Fhii3/ri3(ne) /Phiid/Fid(nF) 2
common/Frhid/e(rnr2r) /EhiS/f (rnel2r) tﬁ
common/brndvls/becOr, bicOrl,bclirl,bclr,becl,s bkcO -l
common/errcl/err(nr2¢) BN
common/serrcl/amxerl,amxerz,ermax N
common/duml/dl {nr2F) /8um2/d2 (rr2F) »I=
® A
c commons for sefline intesrals :
c
CHHEE cci(nr2,1),d8i(nr2,7>0)tsi(ner2,49,K)
ch#d® i=rnumber of sinsle intesrals
cH### J=riumber of double intesrals
@® cH4#¥ k=number of trirle intesrals -9
c -
common/ssicl/ssi(nFr2e,nsir) . -
common/dsicl/dsi(ne2e, 7 ndiF) X
common/tsiql/tsi(np2r.49,ntiw) .
c o
e common/nssir/nsi.nsi(neir),nav(2snsir) . @
common/ndsir/ndi,ndd(ndie)ndv(d,ndir) w:
common/ntsir/ntisnti(ntis)ntv(brntir) f.
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(2
. c
eauivalence (sa.sal)
dimension s53a3(4,4,nrFrZF)
dimension wi(l),sr (1}
c
®
Pap—

do 12 k=1.nk
call derse(u{l,k)>ui)
do 13 i=i.n
13 u(i,k)=0.0
@ do 12 1=1,neZ2
call srvl(l,rnew,sr.n)
do 12 i=1.n

3 viisk)=u(i,k)+ui(l)Xksr (i)
) ‘12 continue
return
® end
suvubroutine rerse(c,v)
[ IMPLICIT REALX8(A-H,0-27)
CXXX%X written by d. c. wiley univ. of texas at austin Jdan 1976
dimension c(1),v(l)
(o
FARAMETER (NF = 221,
': ~ =
, 2 near= 1,
3 neirF= 1,
4 ndir= 1,
S ntir= 4,
b6 nedr=101.,
7 m2r=nr~2:snmir=nr=1-nrlFr=nr+l, nFr2Fr=nr+2,
, @ 7 nessarFr=nesFrknesr, ner=4Xneqr+l1,
3 maXF=nesF¥nsdr,nsar=1l6Xnr2r.nalr=7¥ne|sqr,
4 nom2r=nesFXnr2r, ndm3r=riessacrXnr2r,
S ndm23r=3%¥near, ndm33r=3Xneasar)
c
c
®
C
common/ncl/nm2-nmi>n>nrl,nel
3 common/rcl/r{ne),rrnlnF)
- common/sacl/sa{nsar)
' common/rhi01/fr01 (nFr) /FhiO2/r02¢(nF) /FhiO3/r03(nF)
N common/Fhill/frll(ne) /ehil2/F12(nFr)/Fhil3/F130(NF)
. common/Frhi21/fr21 (nr) /PhiZ22/F22(nE) /ehi23/¢23(nF)

) common/rhiil/Fil(ne) /Fhii2/Fi2¢nF)

. common/rhii3/Fi3(ne) /Frhiid/Frid (np)
common/Frhid4/e(ne2f) /FhiS/f (ne2F)
common/brndvls/bkcOF.becOrl.beclrlbeclesbelsbecO

' common/errcl/err(nr22r)
common/serrcl/amxerl.amxer2, ermax
common/duml/dl (nr2r) /8um2/82(rie¢)

(4 commons for srline intesrals

g CHEHR s5i(nFr2,1),d81(NP2.7,0)5t81(nPd.49,k)
cHH¥R i=rumber of sinsle intesrals
cCH¥#N J=number of doutle intesrals
cH¥#® k=riumber of trirle intesrals

common/ssicl/ssi (nP2F,nsiF)
P common/dsicl/dsi(nr2Fr:7ndir)
common/tsicl/tsi(nr2fr,4%7,ntir)
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commaon/nssir/nsi>nsd (nsir) . nsv(2.nsiF) -
common/ndsir/ndi>ndd (ndie),ndv (4, ng8iF) -
common/ntsifr/nti-ntdid{ntirpk).ntvib.ntis) -

eauivalence (sa,s5ald)
dimension s5a3(4,4,nr2F)

c-——comrutes the function values at the test rointe from the srline coef

do 10 i=1.n

VD) =c (i) XrO1 (1) +c (i+ 1) XrO2 (1) +c (i+2D) XFO3 (1)
10 continue

return C

erntry rersr(c.v)

do 11 i=1l,n

vii)=c (i)Y ¥r11 (i) +c (i+ 1) XP12(1)+c (1+2)XPR13 (1)
11 continve

return

entry rersrr(c,v)

do 12 i=1l,n

v{ii)=c (i) Xr21 (i) +c (i+ 1) XKr22(i)+c (i+2) Xr23 (1)
12 continue

return

entry rersifc,v)

v(1)=0.0
do 13 i=2,n
vii)=v(i=-1)+c(i-DXpil (D) +c (i) Xpi2(i)+c (A+1)XFi3 (1) +
2 cl(i+2)Xxrid (i)
13 continve .
return
end
subroutine rmove(rrnew)
c IMFLICIT REALXB(A-H,0-2)
cCXXXX% written by J. c. wilev univ. of texas at austin Jan 1976

FPARAMETER (NF = 21,

near= 1,

Nsirs 1,

ndifp= 1,

ntie= 4,

n"dF"lOl "’
nm2r=ne-2snmip=nr—1snFrlr=nrFr+l,nFr2Fr=nr+2,
neqsap=neqsxneqs,nes‘4tneqr+1'
maxeenearknsdr, nsar=16knr2r.nalr=7Xneassr,
nEm2r=nese XnNErs nodm3r=neasarknelr,
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ndm23Fr=3Xneqfr, nom33Fr=3Xneasar)

w

common/ncl/nmZ.nmisnsnrlsnel —
common/rcl/rinF)»rm(ne) .4
common/sacl/sa(nsar) 1
common/FhiO1/fr01(ne) /Fhi02/7eQ2 () /Fhi03/F03(nF) ]
comman/fFhill/ell(ne) /Fhil12/¢12(nr) /FRi13/F13(nF) ot
common/FhiZl/r21 (nF) /JFPhi22/F22(nF) /Fhi23/8 23 (NF) <
common/Fhiil/eil{nr) /Frhii2/Fi2(nF) ;\
common/Fhi13/Fi2(nr) /Fhiid4/Fid (nF) . @
common/frhid4/e(nele) /FhiS/Fner2r)
common/bndvls/bcOr.becOribeclrl,bcirbictltbcQ
common/errcl/err(nrle)
common/serrcl./amxerli.amxer2,ermax
common/duml/dl (nE2f) /dum2/82(nF2F)

2

c commons for srline intesrals N

cHEHH# ssi(nr2,1)Hdsi(nFr2,7:0)5tsi(nr2,49,k)
cH### i=number of sinsle intesrals

cH#RB# Ji=number of double intesrals s
c#### k=rumber of trirle intesrals f

common/ssicl/ssi(nr2Fr.nsir)
common/dsicl/dsi({nr2Fr.:7>ndiF)
common/tsicl/tsi(nr2fr.49.ntir)

c s
common/nssifFr/nsi>ned(nsifr)nsv(2,nsir) oo
common/ndsir/ndi»>ndd (ndir) . ndv{(4,ndir) =
common/ntsir/ntinti(ntirm),ntv(b6.ntir) o

c -~
eauivalence (sa,sal) .
dimension s5a33{(4,4,nr2F) -

c p

c :
dimension rnew(l) N
go 10 i=l,n e
r{i)=rnew(i) o
rnew(i)=0,0. ;

10 continvue :
return B
end .
subroutine sfeval o

c IMPLICIT REALX8{(A-H,0-2) }J

c .l

CXXXXX written by J. c. wiley univ., of texas at austin Jdan 1976 -;

¢ -

c . ..
PARAMETER (NP = 21, e

2 near= 1, e
3 nsirF= 1, e
4 ndir= 1, o
S ntir= 4, _'
6 nsdr=101, -
7 rm2F=nF-=2; nmlessnr~1s nElFr=nr+i, nF2e=nr+2, -
7 neasar=nesrXnear, ner=4Xnear+l, -
3 maxr=near¥nadr,nsar=16Xnr2r, nalr=7Xneasar, o
4 ndmAr=nesarinr2e, ndm3r=neasarXnrlr, N
S ndm23r=3Xnesr, ndm32Fr=3Xneasar) )

c 0

c N
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"

cH#HH
cH#i#
cHiu#H
cH##id

common/ncl/rmZ2.nml-rn>nrl.nel
common/rcl/r(rne)srn(nr)

common/sacl/sa(nsar)

common/ehiQl/FOLl{ne) /ehi02/Fr0Z2(nr)Y /FHi1I0Z/:03(nF)
common/Fhill/ell(ne) /FRIIZ2/R1IZ2(ne) /e hil3/F13(nr)
common/rFrhiZ1/F21 (ne) /RRIZ22/F224(nF) /Fhi23/e232 (nF)
common/Fhiil/riline) /FRii1Z2/F12(nEF)
common/Fhii3/Fri3(nr) /rhiid/Fid (nF)
common/frhid/elnr2e) /FhiS/ T (nele)
common/bndvls/bcOFr.bcOrl-beclrlsbecle,bcl,beQ
common/errcl/err (nr2r)
common/serrcl/amxerl.amxerZ, ermax
common/duml/gl (ne2e) /dum2/d82 (NFZ8)

commons for srline intesrals

ssl(nMFrZ2,1i).0851(nFr2:7-,d)2tsi(nFr2,.49,k)
i=number of sinsle intesrals
J=nuymber of double intesrals
k=nurnber of trirle intesrals

common/ssicl/ssi{nr2r.neir)
common/dsicl/dsi{nr2r,7-ndiF)
common/tsicl/tsi(nFr2Fr.49-ntir)

common/nssir/nsi,nsd{ngir).nsv(2.nsir)
common/ndsir/ndi,ndd (ndiFr)sndvi(d,.ndir)
common/ntsir/nti.ntid(ntirm)antvib.nticr)

eauivalence (sa,sal)

dimension sa3(4,4,nr2F)

dimension F1(5),r2(5),e3(5)
NE3=nF2+1

¢c-—=single srline intesrals=

11 sum=sum+3ausiD(Flr2,r3onsd (nsiv)=rsl,r(i+l=4),r(i+1-3))

10

do 8 i=1,5

F2(i)=0.0

F3(i)=0.0

F2(1)=1.

F3(1)=1.

if(nsi.ea.0) asa to 20
do 10 nsiv=1l.nsi

do 10 i=i,nr2
lmin=max0(5%-i,1)
Imay=minO(ne3—i,4)
sum=0.0

do 11 l=lmin,lmax
idx=4%x1+16%i-19

call fror(sal{idx)sFlonsvilynsiv)ansv(2.nsiv)snsl)

ssi(i.msiv)=sum

¢---double srline intesrals.

20

19

if(ndi.es«.0) 90 to 30
do 19 i=1,%

F3(i)=0.0

F3(1)=1.0

do 29 ndiv=1l,ndi

do 29 i=1,ne2

go 29 .=1,7

id=i+i--4
dei(i»dondiv)=0,0

ifdid.lt.l.or.id.2t.nrl) 90 to 29
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Imin=max0max0(1.59-1) s max0(1,S~1i)+i-4)
Imax=minO(mind (4, ner3-1)>min0(4, nrF3—-id)+.i-4)
sum=0.0
do 21 l=lmin,lmax
igr=4%1+16%i1i-19
idxk=4%X(1+4-0)+1&6% (i+i~-4)~19
call rorf{sal{idx)sFrl.ndv(l.ndiv).ndv(2:ndiv).nsl)
call ror(sa(idxk)>r2ndv(3yndiv)ndvid,ndiv).rns?)
sum=sum+sauslQ(rl.r2r3-ndd (noiv)-nsli-ns2,r{i+1=-4),r (i+1--2))
dsi(i.Jd>ndiv)=sum
irle srline intesrasls.
ifinti.e«.0) return
do 21 ntiv=1,.nti
do 31 i=1,nr2
do 31 .i=1.,7
do 31 k=1,7
id=i+.i—-4
ik=i+k~4
idx=d+{k-1)%7
tei(iidx»ntiv)=0.0
if¢id.lt.t.or.idost.nrl) so to 321
if(ik.1lt.1.0r.ik.st.nr2) so to 21
Imin=max0(max0(1l,5-1).max0(1,5-id)+i-4.max0(1,.5-ik)+k~4)
Imax=min0(minO4, nE3~i) yminO (4, nr3-id)+i-4,minO (4, nr3~ik)+k—-4)
sum=0.0
if{lmin.st.1lmax) g0 to 31
do 32 1l=lmin,1lmax
idx1=4%k1+16%i~-19
i0x2=4% (1+4-i)+16%ii—-19
idx3=4%(1+4-})+16Xik~19
call ror(sa(idxl)srlntvi{l,ntiv),sntv(2,.ntiv).nsl)
call ror(sa(idx2)»r2.ntv(Sentiv)antv(4,ntiv).ns)
call ror(s2(idx3)H>r3ontv(Sentiv).ntv(b.ntiv).ns3)
sum=sum+sauslO(rl,.r2,r3nti(ntiv)—-nel=-na2-ns3.r{i+l~4),r(i+1-3))
tsi(i,idx>ntiv)=sum
continuve
return
end
subroutine srlerr{c,er)
IMPLICIT REALXB(A-H,0-2Z)
cCXkX¥XX written by Jd. c. wilevy univ. of texas at austin dan 1976
dimension er(l),c(1)
c——-relative erraor estimate of serline fit.
c~--note: the routime only returrs a value in er(i) if
c——— the error is sreater than the initial value of er(i).
c——-note?! if er is used with routine srid, srid zeroes er.
c
c
FARAMETER (NF = 221,
nesfF= 1,
nsirs 1,
ndgir= 1,
ntir= 4,
rnsdr=101,
nm2r=nr-2:nmlr=nr=1nrle=nr+l, nr2r=nr+2,
neasar=nesrinesr, ner=4xnear+1.,
maxr=rnearXnedr.nsar=16knrlr, nalr=7%Xneassar,
ndmZ2r=nesrdnrlr, ndm3r=neasarXnF2f,
ndm22r=2%¥near, ndm3Sr=2Xneasar)

MPINNOCOPRN

common/ncl/rm2,nml.nsnrl.nr2
common/rcl/r(re) . .rrndne)

IR

3
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comman/sacl ' salnsar)

commcrn, rhiQl/rOL(nE) /ZERHIQZ2/F02(nR) /FRIQ3/FO3(NF)

common/Fhill/Fil(ne) /FhiI12/F12Cnr) /FPR1I13/F13(NF)
w tommon/ehi21 /21 (ne)) /RNA22/F22(ne) /RRIZ23/7823 (nie)

@
R )

R N S
T

common/Fhiill/ril{nr) /Fhil2/Fi2 (ne) -
° commen/Fhii3/ri2inr) /rhild/rid (ng) ®
commen/fhid/elnelr) /FhiS/F(nele) -
commen/bndvls/bcOrsbcOrlbeclirl.beclr.bcl.becO e
common/errcl/err (nr2r) 73:
cemmon/serrcl/amierl.amxerl, ermax NS
common/duml/dl(nr2r) /dum2/82(nr2r) e
® ¢ o @
c commons for srline intesrals . -
c o
cHEER ssi(nel.i1).d8i(nEr2,7-4d)5t8i(nE2,49,k) o

cH### i=number of sinsle intesrals =
cH### i=number of double intesrals T
PY cHi##Hh k=number of trirle intesrals =
c -
common/ssicl/ssi(nF2r,nsir) e
common/dsicl/dsi(nr2Fr,7.ndiF) L
common/tsicl/tsi (nr2r. 49, ntir) o

c i

o common/nseir/nsi,nsd {nsir),nev{Z,nsirF) E‘
< common/ndsir/ndi,ndd (ndir),ndv{4,ndir) -
cemmon/ntsir/nti-nti(ntir).ntvibsntir) ~ )

c » .'-:.
esuivalence (sa,5a3d) 'if
dimension sa2(4,4,nr2F) o

® 2 ’a

fen(is1l,x)=5a33(1,1,1)+x%(5a3(2,1,1)+xX(523(3>1,1i)+x¥sa3(4,1,1)))

fval=0.0 RSN

do 11 i=1l.n S
fval=fval+abks(c (D) Xfcn(i4,r (1)) +c(i+1)XFfecn(i+1.3r(i))+ y}

2 cli+2) % fen(i+2,2,r(1))) i~
® 11 continve -
fval=fval/n . S
if(fval.es.0.0) fval=i. NN
do 10 i=2,rml \:.'~
error=0,02625% (c (i—1) % -sa33(4,4,i-1)) DOy

2 +c (i) ¥(sa3(4,4,1) -sa33(4,3,1) ) e’

L) 2 +C (i+1)%(5a3(4,3,i+1)~5a3(4,2,i+1)) k4
4 +c(i+2) X (sa3(4,2,1+2)-5a33(4,1,1i+2)) *:-

5 +c(i+3) X (5a2(4,1,i+3))) s
6 ¥(MAX(r(i+l)-r{i),r{i)—r(i-1)) %Xx3) R
error=abs(error/fval) .
if(error.st.er(i))er(i)=error -

'Y 10 continue L@
' return oy
end o
subroutine srvl(isxsv.m) RO

c IMPLICIT REALX8(A-H,0-2) -
cCXEXXX written by J. c. wiley univ. of texas at austin Jdan 1976 Ry

o c—--—comrutes m values of the i—-th b-srline at the m x-values and -
T returns them in v. note that the x-values are assumed to be ) i
c-—--ordered. R
c-—= .
dimension x{(m),v(m) . :}

c -
e P
FARAMETER(NF = 2'1, K

2 nEeAars 1, e

------ ORISR IRN , X Ko S : : RIS
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nsifF= 1
ndir= 1,
ntip= 4,

nedr=101,
rmar=nr=22-nmlir=nr~1l.nrlr=nr+l, nele=ne+l,
neasqr=nesr¥ne’dr:s ner=4Xnesrp+1,
maxer=nesrknasdr,nsar=15%¥knr2r.nalr=7%neqcar,
ndmZr=ne’rknr2r, ndm3r=necsarknrF2F,
ndm22r=3%near, ndmS3r=3%neasqr)

common/ncl/nmZsnmlnynrlsnr2
common/ccl/r(ne)srning)

common/sacl/sal{nsar)

comman/FhiQl/eQl(ne) /PrR102/pr02(nr) /Fhi03/F03(nRk)
common/Fhill/rll(nr) /Fhil2/F12(rnr) /rhil3/F13(NF)
common/FhiZ21/r21(nr) /FRi22/F22(nr) 7FRiZ23/7F23(nF)
common/Fhiil/ril(nr) /rhii2/Fi2{ne)
common/fhii3/fFil(nr) /Frhiid/rid (nr)
commoan/rhid/e(nr2e) /FhiS/Ff (nels)
common/bndvla/becOFr,becOrlbclrlbeclr.beclsbicQ
common/errcl/erc (nep2r)
common/serrcl/amxerl.amxer2,ermax
common/duml/dl (ne2e) /dum2/82(ne2F)

commons for srline intesrals

ssil(nFrZr1).08i1(nFr2-7->d)st8i(nr2,49,k)
i=number of sinsle intesrals
d=number of double intesrals
k=number of trirle intesrals

common/ssicl/ssi(nr2r>nsir)
common/dsicl/dsi(nr2Fr,7,ndiF)
common/tsicl/tei(nerlFr.49:ntifF)

common/nssir/nei,nsd(nsir)»nsvi(Z2.nsirk)
common/ndsir/ndi.ndd (ndir)>ndvid,ndifF)
common/ntsir/nti.nti(rntir)ntv(bntir)

equivalence (sa,cal)
gimension sal3(4,4,nr2F)

fi2(a3-82-,81-,a80,2)=2%(a3+zX (0. 5%Xal+z %X (a1/3. 0+ %0.25%a0)))
fix(a3,22:21,30,2)=z%2X(0.5Xal3+2%(a2/3.0+z2% (0.25%a1+2%0.2%a0)))
kk=1

6o 10 J=1.m

vy (i)=0.0

do 11 k=kk,n

if(x(i).le.r(k)) so to 12

continue

l1=max0(2,k)—-i+3

kk=k

if(l.1t.1.0r.1l.9t.4) so to 10

idx=4%1+16%i-16
vy(J)=(sa(idx—3)+x (i) X (sa(idx-2)+r (i) X(sa (idx~1)+x (i) *sa (idxr))))
continue

return

entry sepvlrF(iaxsvya.m)

kk=1

do 20 d=1am
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y(i)=0.0

do 21 kK=kk.n

if(x{i).le.r(k)) 80 to 22
continue

l=max0 (2, k)—i+3

kk=k

if(l.,Jlt.1.0r.1l.8t.4) so0 to 20
igx=4X1+16%i-16

Yy (U)=sa (id-2)+x (d) X (2.0%s3 (idx~1)+3.0%kx (i) Xsa{idx))
continue

return .

entrvy sFEVIFF(i,X>vsm)

kk=1

do 20 .d=1i.m

v {i)=0.0

do 31 k=kk.n

if(x(i).le.r(k)) so to 32
continue

1=max0(2,k)—-i+3

kk=k :
if(l.lt.1.0r.1.8t.4) g0 to 30
igx=4%1+16%i-16

v (Ji)=2.0%¥sa3 (1dx~1)+6.0%sa (idx) Xx (J)
continue

return

end

SUBROUTINE JOBTIME(TENMILI)
INTEGER LISTITEM(3),. TENMILI
INTEGER SYS$GETJFI.STATUS

LISTITEM(1)= 1031%2%%x16+4
LISTITEM(2)= %LOC (TENMILI)
LISTITEM(3)= O ! ZL0OC (LCFUELAFSEDD
STATUS= SYS$GETJIFI(,,,LISTITEM,,,)

RETURN

END

FUNCTION GETIME (DUM)
INTEGER TENMILI

CaLL JOBTIME(TENMILI)
T=FLLOAT (TENMILI)/100.
GETIME=T

RETURN

END
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